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(57) Abstract 

Compounds of general formula (1) are described, wherein Y is a halogen 
atom or a group -OR 1 , wherein R 1 is an optionally substituted alkyl group; 
X is -O-, -S- or -N(R 6 >, where R 6 is a hydrogen atom or an alkyl group; R 2 
is an optionally substituted alkyl, alkenyl, cycloalkyl or cyctoalkenyl group; 
R 3 and R 4 , which may be the same or different, is each a group -(CHiOnAr, 
where Ar is a monocyclic or bicyclic aryl group optionally containing one or 
more heteroatoms selected from oxygen, sulphur or nitrogen atoms and n is 

zero or an integer 1, 2 or 3; R 3 is a hydrogen atom or an optionally substituted alkyl group; and the salts, solvates, hydrates and N-oxides 
thereof. Compounds according to die invention are potent, selective and orally active PDE IV inhibitors and are useful in the prophylaxis 
of asthma and other diseases. 
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STYRYL DERIVATIVES ANP PROCESSES FOR THEIR 
PREPARATION 

5 

This invention relates to a novel series of styryl derivatives, to processes 
for their preparation, to pharmaceutical compositions containing them, and 
to their use in medicine. 

10 Many hormones and neurotransmitters modulate tissue function by 
elevating intra-cellular levels of adenosine 3\ 5-cycIic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyl cyclase which may be directly activated by agents such as forskolin 

15 or indirectly activated by the binding of specific agonists to cell surface 
receptors which are coupled to adenyl cyclase. The breakdown of cAMP 
is controlled by a family of phosphodiesterase (PDE) isoenzymes, which 
also control the breakdown of guanosine 3\5'-cyciic monophosphate 
(cGMP). To date, seven members of the family have been described 

20 (PDE l-VII) the distribution of which varies from tissue to tissue. This 
suggests that specific inhibitors of PDE isoenzymes could achieve 
differential elevation of cAMP in different tissues, [for reviews of PDE 
distribution, structure, function and regulation, see Beavo & Reifsnyder 
(1990) TIPS, 11: 150-155 and Nicholson et al (1991) TIPS, 12: 19-27]. 

25 

There is clear evidence that elevation of cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
airway smooth muscle has a spasmolytic effect. In these tissues, PDE IV 
plays a major role in the hydrolysis of cAMP. It can be expected, 
30 therefore, that selective inhibitors of PDE IV would have therapeutic 
effects in inflammatory diseases such as asthma, by achieving both anti- 
inflammatory and bronchodilator effects. 

The design of PDE IV inhibitors has met with limited success to date, in 
35 that many of the potential PDE IV inhibitors which have been synthesised 
have lacked potency and/or have been capable of inhibiting more than one 
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type of PDE isoenzyme in a non-selective manner. Lack of a selective 
action has been a particular problem given the widespread rol of cAMP in 
vivo and what is needed are potent selective PDE IV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
5 isoenzymes. 

We have now found a novel series of styryl derivatives, members of which 
compared to known structurally similar compounds are potent inhibitors of 
PDE IV at concentrations at which they have little or no inhibitory action on 

10 other PDE isoenzymes. These compounds inhibit the isolated PDE IV 
enzyme and also elevate cAMP in isolated leukocytes. Certain 
compounds prevent inflammation in the lungs induced by carrageenan, 
platelet-activating factor (PAF), interleukin-5 (IL-5) or antigen challenge. 
These compounds also suppress the hyperresponstveness of airway 

15 smooth muscle seen in inflamed lungs. Advantageously, compounds 
according to the invention have good oral activity and at orally effective 
doses exhibit little or none of the side-effects associated with known PDE 
IV inhibitors, such as rolipram. The compounds of the invention are 
therefore of use in medicine, especially in the prophylaxis and treatment of 

20 asthma. 

Thus according to one aspect of the invention, we provide a compound of 
formula (1) 




wherein 

Y is a halogen atom or a group -OR 1 ' where R 1 is an optionally substituted 
alkyl group; 

30 X is -0-, -S- or -N(R 6 )-, where R 6 is a hydrogen atom or an alkyl group. 
R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or cycloalkenyl 
group; 
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R 3 and R 4 , which may be the same or different, is each a group -(ChfeJnAr, 

where Ar is a monocyclic or bicylic aryl group optionally containing one or 

more heteroatoms selected from oxygen, sulphur or nitrogen atoms and n 

is zero or an integer 1 , 2 or 3; 
5 rs is a hydrogen atom or an optionally substituted alkyl group; and the 

salts, solvates, hydrates and N-oxides thereof. 

The compounds of formula (1) exist as geometrical isomers and the 
invention extends to all such individual isomers and mixtures thereof. 
10 Formula (1) and the formulae hereinafter should be understood to include 
all individual isomers and mixtures thereof, unless stated otherwise, and 
even though only one isomer may be depicted. 

In the compounds of formula (1), when Y is a halogen atom it may be for 
15 example a fluorine, chlorine, bromine or iodine atom. 

When Y in the compounds of formula (1) is a group -OR 1 , R 1 may be, for 
example, an optionally substituted straight or branched alkyl group, for 
example, an optionally substituted Ci.6alkyl group, such as a methyl, 
20 ethyl, n-propyl, or i-propyl, group. Optional substitutents which may be 
present on R 1 groups include one or more halogen atoms, e.g. fluorine, or 
chlorine atoms. Particular substituted alkyl groups include for example 
-CH2F, -CH2CI, -CHF2, -CHCI2, -CF3 or -CCI3 groups. 

25 Alkyl groups represented by R 2 or R 5 in the compounds of formula (1) 
include optionally substituted straight or branched Ci- 6 alkyl groups, e.g. 
C1.3 alkyl groups such as methyl or ethyl groups. Optional substituents on 
these groups include one, two or three substituents selected from halogen 
atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or hydroxyl or C14 

30 alkoxy e.g. Ci^ alkoxy such as methoxy or ethoxy groups. 

Alkenyl groups represented by R 2 in the compounds of formula (1) include 
optionally substituted straight or branched C2-6alkenyl groups such as 
ethenyl, propen-1-yl and 2-methylpropen-1-yl. Optional substituents 
35 include those described above in relation to the groups R 2 and R 5 . 
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When R 2 in the compounds of formula (1) is an optionally substituted 
cycloalkyl or cycloalkenyl group it may be for example a C^cycloalkyl 
group such as a cyclobutyl, cyclopentyl or cyciohexyl group or a C3-8 
cycloalkenyl group containing for example one or two double bonds such 

5 as 2-cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4- 
cyclopentadien-1-yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 2,4- 
cyclohexadien-1-yl or 3,5-cyclohexadien-1-yl group, each cycloalkyl or 
cycloalkenyl group being optionally substituted by one, two or three 
substituents selected from halogen atoms, e.g. fluorine, chlorine, bromine 

10 or iodine atoms, straight or branched Ci.6alkyl e.g. Ci-3alkyl such as 
methyl or ethyl, hydroxyl or Ci^alkoxy e.g. Ci-3alkoxy such as methoxy or 
ethoxy groups. 

Alkyl groups represented by R 6 in compounds of formula (1) include 
15 straight or branched C^e alkyl groups, e.g. C1-3 alkyl groups such as 
methyl or ethyl groups. 

In the compounds of formula (1) the groups R 3 and/or R 4 may each 
independently be a group -Ar, -CH 2 Ar, -(CH 2 )2Ar or -(CHafeAr. 

20 

Monocyclic or bicyclic aryl groups represented by the group Ar in 
compounds of formula (1) include for example C6-12 optionally substituted 
aryl groups, for example optionally substituted phenyl, 1-or 2-naphthyl, 
indenyl or isoindenyl groups. 

25 

When the monocyclic or bicyclic aryl group Ar contains one or more 
heteroatoms it may be for example a C1.9 optionally substituted heteroaryl 
group containing for example one, two, three or four heteroatoms selected 
from oxygen, sulphur or nitrogen atoms. In general, Ar heteroaryl groups 
30 may be for example monocyclic or bicyclic heteroaryl groups. Monocyclic 
heteroaryl groups include for example five- or six-membered heteroaryl 
groups containing one, two, three or four heteroatoms selected from 
oxygen, sulphur or nitrogen atoms. 

35 Examples of heteroaryl groups represented by Ar include pyrrolyl, furyl, 
thienyl, imidazolyl, N-methylimidazolyl, N-ethylimidazolyl, oxazolyl, 
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isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1 , 2,4-triazotyl, 
1,2,3-oxadiazolyl, 1 ,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyi, 
pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, 1,3,5-triazinyl, 1 ,2, 4-triazinyl, 
1,2,3-triazinyl, benzofuryl, isobenzofuryl, benzothienyl, isobenzothienyl, 
5 indolyl, isoindolyl f benzimidazolyl, benzothiazolyl, benzoxazolyl, 
quinazolinyl, naphthyridinyl, pyrido[3,4-b]pyridyl, pyrido[3,2-b]pyridyl, 
pyrido[4,3-b]pyridyl, quinolinyl, isoquinolinyl, tetrazolyl, 5,6,7,8-tetra- 
hydroquinolinyl and 5,6,7,8-tetrahydroisoquinolinyl. 

1 0 The heteroaryl group represented by Ar may be attached to the remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for example, when the group Ar is a pyridyl group it 
may be a 2-pyridyl, 3-pyridyl or 4-pyridyl group. When it is a thienyl group 
it may be a 2-thienyl or 3-thienyl group, and, similarly, when it is a furyl 

1 5 group it may be a 2-furyl or 3-f uryl group. 

When in compounds of formula (1) the Ar group is a nitrogen-containing 
heterocycle it may be possible to form quaternary salts, for example N- 
alkyl quaternary salts and the invention is to be understood to extend to 
20 such salts. Thus for example when the group Ar is a pyridyl group, 
pyridinium salts may be formed, for example N-alkylpyridinium salts such 
as N-methylpyridinium. 

The aryl or heteroaryl groups represented by Ar in compounds of formula 
25 (1) may each optionally be substituted by one, two, three or more 
substituents [R 7 ]. The substituent R 7 may be selected from an atom or 
group R 8 or -Alk 1 (R 8 ) m wherein R 8 is a halogen atom, or an amino (- 
NH2), substituted amino, nitro, cyano, hydroxyl (-OH), substituted 
hydroxyl, cycloalkoxy, formyl [HC(O)-], carboxyl (-CO2H), esterified 
30 carboxyl, thiol (-SH), substituted thiol, -C(0)AIk 1 , -SO3H, -S0 2 Alk 1 , 
-SO2NH2, -S0 2 NHAIkl, -S0 2 N[Alki] 2 , -CONH 2 , -CONHAIkl, -CON[Alki]2, 
-NHSO2H, -NHS0 2 Alk 1 , -N[S0 2 Alkl] 2t -NHS0 2 NH 2 , -NHS0 2 NHAIkl, 
.NHS0 2 N[AIki] 2 , -NHC(0)Alk^ , or -NHC(0)OAIki group; Alk^ is a straight 
or branched Ci.6alkylene, C2-6alkenylene, or C2-6alkynylene chain 
35 optionally interrupted by one, two, or three -0- f or -S- atoms or -S(0)p- f 
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[where p is an int ger 1 or 2] or -N(R 6 )- groups; and m is zero or an 
integer 1,2 or 3. 

When in the group -Alk 1 (R 8 )m rn is an integer 1, 2 or 3, it is to be 
5 understood that the substituent or substituents R 8 may be present on any 
suitable carbon atom in -Alk 1 . Where more than one R 8 substitutent is 
present these may be the same or different and may be present on the 
same or different carbon atom in Alk 1 . Clearly, when m is zero and no 
substituent R 8 is present or when Alk 1 forms part of a group such as 
10 -S02Alk 1 the alkylene, alkenylene or alkynylene chain represented by Alk 1 
becomes an alkyl, alkenyl or alkynyl group. 

When R 8 is a substituted amino group it may be a group -NH[Alk 1 (R 83 )^ 
[where Alk 1 and m are as defined above and R 8a is as defined above for 
15 R 8 but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -NlAlkMR^mfe wherein each -Alk^R^m group is 
the same or different. 

When R 8 is a halogen atom it may be for example a fluorine, chlorine, 
20 bromine, or iodine atom. 

When R 8 is a cycloalkoxy group it may be for example a Cs-7cycloalkoxy 
group such as a cyclopentyioxy or cyclohexyloxy group. 

25 When R 8 is a substituted hydroxyl or substituted thiol group it may be a 
group -OAlk^R^m or -SAIk^R 88 )™ respectively, where Alk 1 , R 8 * and m 
are as just defined. 

Esterified carboxyl groups represented by the group R 8 include groups of 
30 formula -COaAlk 2 wherein Alk 2 is a straight or branched, optionally 
substituted d-salkyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyl, s-butyl or t-butyl group; a C6-i2arylCi-8alkyl group such as an 
optionally substituted benzyl, phenylethyl, phenylpropyl, 1-naphthylmethyl 
or 2-naphthylmethyl group; a C6-i2aryl group such as an optionally 
35 substituted phenyl, 1 -naphthyl or 2-naphthyl group; a C6-1 2aryloxyCi.salkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 
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1-naphthyloxymethyl, or 2-naphthyloxymethyl group; an optionally 
substituted Ci-salkanoyloxyCi.salkyl group, such as a pivaloyloxymethyl, 
propionyloxyethyl or propionyloxypropyl group; or a C6-i2aroyloxyCi-8alkyl 
group such as an optionally substituted benzoyloxyethyl or 
5 benzoyloxypropyl group. Optional substituents present on the Alk 2 group 
include R 7 substituents described above. 

When Alk 1 is present in or as a substituent R 7 it may be for example a 
methylene, ethylene, n-propylene, i-propylene, n-butylene, i-butylene, s- 
10 butylene, t-butylene, ethenylene, 2-propenylene, 2-butenylene, 3- 
butenylene, ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
chain, optionally interrupted by one, two, or three -O- or -S-, atoms or 
-S(O)-, -S(0)2- or -N(R 6 )- groups. 

15 Particularly useful atoms or groups represented by R 7 include fluorine, 
chlorine, bromine or iodine atoms, or Ci-6alkyl, e.g. methyl or ethyl, Ci- 
6aIkylamino, e.g. methylamino or ethylamino, Ci-e hydroxyalkyl, e.g. 
hydroxymethyl or hydroxyethyl, Ct-ealkylthiol e.g. methylthiol or ethylthiol, 
Ci^alkoxy, e.g. methoxy or ethoxy, C5-7cycloalkoxy, e.g. cyclopentyloxy, 

20 haloCi-6alkyl, e.g. trifluoromethyl, Ci.6alkylamino, e.g. methylamino or 
ethylamino, amino (-NH2), aminoCi-6alkyl, e.g. aminomethyl or aminoethyl, 
Ci-6dialkylamino, e.g. dimethylamino or diethylamino, nitro, cyano, 
hydroxyl (-OH), formyl [HC(O)-], carboxyl (-C0 2 H), -C0 2 Alk2 [where Alk 2 is 
as defined above], Ci-e alkanoyl e.g. acetyl, thiol (-SH), thioCi-ealkyl, e.g. 

25 thiomethyl or thioethyl, sulphonyl (-SO3H), Ci^alkylsulphonyl, e.g. methyl- 
sulphonyl, aminosulphonyl (-SO2NH2), Ci-6alkylaminosulphonyl, e.g. 
methylaminosulphonyl or ethylaminosulphonyl, Ci^dialkylaminosulphonyl, 
e.g. di-methylaminosulphonyl or diethylaminosulphonyl, carboxamido 
(-CONH2), Ci^alkylaminocarbonyl, e.g. methylaminocarbonyl or e\hy\- 

30 aminocarbonyl, Ci^dialkylaminocarbonyl, e.g. dimethylaminocarbonyl or 
diethylaminocarbonyl, sulphonylamino (-NHSO2H), Ci-6alky!sulphonyl- 
amino, e.g. methylsulphonylamino or ethylsulphonylamino, Ci-6dialkyl- 
sulphonylamino, e.g. dimethylsulphonylamino or diethylsulphonylamino, 
aminosulphonylamino (-NHSO2NH2), Ci^alkylaminosulphonylamino, e.g. 

35 methylaminosulphonylamino or ethylaminosulphonylamino, Ci^dialkyl- 
aminosulphonylamino, e.g. dimethylaminosulphonylamino or diethylamino- 
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sulphonylamino, d-ealkanoylamino, e.g. acetylamino, Ci^alkanoylamino 
Ci^alkyl, e.g. acetylaminomethyl or Ci-ealkoxycarbonylamino, e.g. 
methoxycarbonylamino, ethoxycarbonylamino or t-butoxycarbonylamino 
groups. 

5 

Where desired, two R 7 substituents may be linked together to form a cyclic 
group such as a cyclic ether, e.g. a C2-6alkylenedioxy group such as 
ethylenedioxy. 

10 It will be appreciated that where two or more R 7 substituents are present, 
these need not necessarily be the same atoms and/or groups. The R 7 
substituents may be present at any ring carbon atom away from that 
attached to the rest of the molecule of formula (1). Thus, for example, in 
phenyl groups represented by Ar any substituent may be present at the 2-, 

15 3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

In the compounds of formula (1), when an ester group is present, for 
example a group -COaAlk 2 this may advantageously be a metabolically 
20 labile ester. 

The presence of certain substituents in the compounds of formula (1 ) may 
enable salts of the compounds to be formed. Suitable salts include 
pharmaceutically acceptable salts, for example acid addition salts derived 
25 from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
30 isethionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

35 Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
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magnesium or calcium salts, and organic amine salts such as morpholine, 
piperidine, dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
5 pharmaceutical^ acceptable salts, especially acid addition 
pharmaceutical^ acceptable salts. 

In the compounds of formula (1), the group Y is preferably an -OR 1 group, 
especially where R 1 is an optionally substituted ethyl group or, especially, 
10 an optionally substituted methyl group. Especially useful substitutents 
which may be present on R 1 groups include one, two or three fluorine or 
chlorine atoms. 

The group X in compounds of formula (1) is preferably -0-. 

15 

A particularly useful group of compounds of formula (1) has the formula 

(2): 



(2) 
20 

where R 2 is an optionally substituted cycloalkyl group; R 3 ,R 4 , and R 5 are 
as defined for formula (1); and the salts, solvates, hydrates and N-oxides 
thereof. 

25 In the compounds of formulae (1) or (2) R 2 is preferably an optionally 
substituted methyl or cyclopentyl group. In particular, R 2 is a cyclopentyl 
group. 

In compounds of formulae (1) or (2) the group R 5 is preferably a hydrogen 
30 atom. 

The group R 3 and R 4 in compounds of formulae (1) or (2) is each 
preferably a -CH2Ar group, or, especially an -Ar group. 
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Particularly useful R 3 orR 4 groups in compounds of formulae (1) or (2) 
include those R 3 or R 4 groups in which Ar is a monocyclic aryl group 
optionally containing one or more heteroatoms selected from oxygen, 
5 sulphur, or, in particular, nitrogen atoms, and optionally substituted by one, 
two or more R 7 substituents. In these compounds, when the group 
represented by Ar is a heteroaryl group it is preferably a nitrogen^ 
containing monocyclic heteroaryl group, especially a six-membered 
nitrogen-containing heteroaryl group. Thus, in one preferred example, the 

10 groups R 4 and R 5 may each be a six-membered nitrogen-containing 
heteroaryl group. In another preferred example R 4 may be a monocyclic 
aryl group and R 5 may be a six-membered nitrogen-containing heteroaryl 
group. In these examples, the six-membered nitrogen-containing hetero- 
aryl group may be an optionally substituted pyridyl, pyridazinyl, pyrimidinyl 

15 or pyrazinyl group. Particular examples include optionally substituted 2- 
pyridyl, 3-pyridyl or, especially, 4-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5- 
pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl or 3- 
pyrazinyl. The monocyclic aryl group may be a phenyl group or a 
substituted phenyl group. 

20 

One particularly useful group of compounds of formulae (1) or (2) is that 
wherein R 3 and R 4 is each a pyridyl or, especially, a monosubstituted 
pyridyl, or preferably a disubstituted pyridyl group, or R 3 is a phenyl or 
substituted phenyl group and R 4 is a pyridyl or, especially a 
25 monosubstituted pyridyl, or preferably a disubstituted pyridyl group. 

In this particular group of compounds and also in general in compounds of 
formulae (1) or (2), when R 3 and/or R 4 is a substituted phenyl group it may 
be for example a mono-, di- or trisubstituted phenyl group in which the 
30 substituent is an atom or group R 7 as defined above. When the R 3 and/or 
R 4 group is a monosubstituted phenyl group the substituent may be in the 
2-, or preferably 3-, or especially 4-position relative to the ring carbon atom 
attached to the remainder of the molecule. 

35 When in compounds of formulae (1) or (2) R 3 and/or R 4 is a substituted 
pyridyl group it may be for example a mono-or disubstituted pyridyl group, 
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such as a mono- or disubstituted 2-pyridyl. 3-pyridyl or especially 4-pyridyi 
group substituted by one or two atoms or groups R 7 as defined above, in 
particular one or two halogen atoms such as fluorine or chlorine atoms, or 
methyl, methoxy, hydroxyl or nitro groups. Particularly useful pyridyl 
5 groups of these types are 3-monosubstituted-4-pyridyl or 3,5-disubstituted- 
4-pyridyl, or 2- or 4-monosubstituted-3-pyridyi or 2,4-disubstituted-3- 
pyridyl groups. 

A particularly useful group of compounds according to the invention has 
10 the formula (2) wherein R 5 is a hydrogen atom and R 3 and R 4 are as 
defined for formula (1); and the salts, solvates, hydrates and N-oxides 
thereof. Compounds of this type in which R 3 is an optionally substituted 
phenyl, or pyridyl in particular 4-pyridyl, group and R 4 is a pyridyl 
especially a 4-pyridyl group are particularly preferred. 

15 

Particularly useful compounds according to the invention are the (E) and 

(Z) isomers of 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2- 

furanyl)ethenyl] pyridine; 
20 4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2- 
thienyl)ethenyl] pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]-3- 
methylimidazole; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl] 

25 pyridine; 

4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyll 

pyridine; 

4H2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-fluorophenyl- 
ethenyl] pyridine; 

30 4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-trifluoromethyl- 
phenyl)ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-methoxyphenyl- 
ethenyl)]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methoxyphenyl)- 

35 ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methylphenyl) 
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ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-methylphenyl)- 
ethenyljpyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-cyclopentyloxy-4- 
methoxyphenyl)ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]-3,5- 
dichloropyridine; 

2- [2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl] 
pyridine; 

4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) ethenyl] 
aniline; 

4-[1-(3-Cyclopenxyioxy-4-methoxyphenylO-2-(4-pyridyl)ethenyl] 
benzoic acid; 

Ethyl N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
ethenyl]phenyl}carbamate; 

N-{4-[1-(3-Cyclopentylo)cy-4-niethoxyphenyl)-2(4-pyridyl)ethenyl] 
phenylJN'-ethylurea; 

N-{4-l1-(3-Cyclopentyloxy-4-methoxyphenyl)]-2-(4-pyridyl)ethenyl} 
phenylacetamide; 

3- [2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl] 
pyridine; 

4- [2-2(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl] 
pyrimidine; 

4-[2-(3-Cyclopentyloxy-4^iiethoxyphenyl)-2-(4-hydroxymethyl- 
phenyl)ethenyl]pyridine; 

4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 
benzamide; 

Ethyl-4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-phenyl- 
ethenyl]benzoate; 

N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 
phenyljmethanesulphonamide; or 

each (E) or (Z) isomer thereof; and the salts, solvates, hydrates and 
N-oxides thereof. 
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Compounds according to the invention are selective and potent inhibitors 
of PDE IV. The ability of the compounds to act in this way may be simply 
determined by the tests described in the Examples hereinafter 

5 The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human diseases where an unwanted 
inflammatory response or muscular spasm (for example bladder or 
alimentary smooth muscle spasm) is present and where the elevation of 
cAMP levels may be expected to prevent or alleviate the inflammation and 
10 relax muscle. 

Particular uses to which the compounds of the invention may be put 
include the prophylaxis and treatment of asthma, especially inflamed lung 
associated with asthma, cystic fibrosis, or in the treatment of inflammatory 

15 airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other benign and malignant proliferative skin diseases, endotoxic shock, 
septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the 
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis, 
atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 

20 insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
arterial restenosis and artherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
through elevation of cAMP in sensory neurones. They are, therefore, 
25 analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseases 
associated with irritation and pain. 

Compounds according to the invention may also elevate cAMP in 
lymphocytes and thereby suppress unwanted lymphocyte activation in 
30 immune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant rejection and graft versus host disease. 

Compounds according to the invention have also been found to reduce 
gastric acid secretion and therefore can be used to treat conditions 
35 associated with hypersecretion. 
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Compounds of th invention suppress cytokine synthesis by inflammatory 
cells in response to immune or infectious stimulation. They are, therefore, 
useful in the treatment of bacterial, fungal or viral induced sepsis and 
septic shock in which cytokines such as tumour necrosis factor (TNF) are 
5 key mediators. Also compounds of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful in the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration which 
occurs in diseases such as rheumatoid or osteo-arthritis. 

10 Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
consequent enhancement of quality of life. 

15 Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract depression and memory impairment. 

Compounds of the invention suppress cell proliferation in certain tumour 
cells and can be used, therefore, to prevent tumour growth and invasion of 
20 normal tissues. 

For the prophylaxis or treatment of disease the compounds according to 
the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
25 composition which comprises a compound of formula (1) together with one 
or more pharmaceutical^ acceptable carriers, excipients or diluents. 

Pharmaceutical compositions according to the invention may take a form 
suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
30 or a foim suitable for administration by inhalation or insufflation. 

For oral administration, the pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutical^ acceptable excipients such as 
35 binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline 



f 
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cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 
5 oral administration may take the form of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutical^ acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
10 vehicles and preservatives. The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

15 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

The compounds for formula (1) may be formulated for parenteral 
20 administration by injection e.g. by bolus injection or infusion. Formulations 
for injection may be presented in unit dosage form, e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as 
25 suspending, stabilising, preserving and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

In addition to the formulations described above, the compounds of formula 
30 (1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

For nasal administration or administration by inhalation, the compounds 
35 for use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
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with the use of suitable propellant, e.g. dichlorodifluorom thane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas or mixture of gases. 

5 The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 

1 0 The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular inflammatory condition will vary depending on the 
compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around 100ng/kg to 
100mg/kg, e.g. around 0.01mg/kg to 40mg/kg body weight for oral or 

15 buccal administration, from around 10ng/kg to 50mg/kg body weight for 
parenteral administration and around 0.05mg to around 1000mg e.g. 
around 0.5mg to around 1000mg for nasal administration or administration 
by inhalation or insufflation. 

20 The compounds according to the invention may be prepared by the 
following processes. The symbols Y, R 2 , R 3 , R 4 , R 5 ,and X 1 , when used in 
the formulae below are to be understood to represent those groups 
described above in relation to formula (1) unless otherwise indicated. In 
the reactions described below it may be necessary to protect reactive 

25 functional groups, for example hydroxy, amino, thio, or carboxy groups, 
where these are desired in the final product, to avoid their unwanted 
participation in the reactions. Conventional protecting groups may be 
used in accordance with standard practice [see, for example, Green, T. W. 
in "Protective Groups in Organic Synthesis" John Wiley and Sons, 1981.] 

30 It may be that deprotection will form the last step in the synthesis of 
compounds of formula (1). Thus, in one example, compounds of formula 
(1) wherein R 3 and/or R 4 contains a carboxylic acid group may be 
prepared by deprotecting the corresponding compound wherein R 3 and/or 
R 4 contains a protected carboxyl group, such as an oxazolinyl group, e.g. 

35 4,4-dimethyl-2-oxazolinyl, in the presence of a base, e.g. sodium 
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hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 
elevated temperature, e.g. the reflux temperature. 

Thus according to a further aspect of the invention, a compound of formula 
5 (1) may be prepared by dehydration of an alcohol of formula (3): 




(3) 



using an acid or base-catalysed elimination. 

10 

Suitable acids include for example phosphoric or sulphonic acids, e.g. 4- 
toluenesulphonic acid. The reaction may be performed in an inert organic 
solvent, for example a hydrocarbon such as toluene, at an elevated 
temperature, for example the reflux temperature. Base catalysed 
15 elimination may be performed using for example trifluoroacetic anhydride 
in the presence of an organic base such as triethylamine at a low 
temperature e.g. from around 0°C to ambient temperature, in a solvent 
such as dichloromethane ortetrahydroduran. 

20 In certain instances, the reaction conditions used may also cleave the 
group R 2 in the starting material of formula (4) to yield a compound of 
formula (1) where R 2 is a hydrogen atom. Such compounds may be 
converted to the required compound of formula (3) by a further process 
according to the invention using a halide R 2 Hal (where Hal is a halogen 

25 atom such as a bromine or chlorine atom) where necessary in the 
presence of a base such as caesium or potassium carbonate or an 
alkoxide such as potassium t-butoxide, in a dipolar aprotic solvent such as 
an amide, e.g. a substituted amide such as dimethylformamide at ambient 
temperature or above e.g. around 40°C to 50°C. 

30 

Intermediates of formula (3) may be prepared by reaction of a ketone of 
formula (4): 
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with an organometallic reagent R 4 R 5 CHZ where Z is a metal atom, 

5 Metal atoms represented by Z include, for example, a lithium atom. 

The reaction may be performed in a solvent such as an ether, e.g. a cyclic 
ether such as tetrahydrofuran, at a low temperature, e.g. around -70°C to 
ambient temperature. This reaction is particularly suitable for the 
10 preparation of compounds of formula (1) wherein R 4 is an electron 
deficient group such as a 2- or 4-pyridyl group. 



Reagents R 4 R 5 CHZ are either known compounds or may be prepared, 
preferably in situ during the above process, by reaction of a compound 
15 AlkCH 2 Z [where Alk is an alkyl group such as a n-propyl group] with a 
compound R 4 R 5 CH2 where necessary in the presence of a base such as 
an amine e.g. diisopropylamine using the above-mentioned conditions. 

Ketones of formula (4) may be prepared by oxidation of a corresponding 
20 alcohol of formula (5): 




using an oxidising agent such as manganese dioxide in a solvent such as 
25 dichloromethane at ambient temperature. 



Alternatively, ketones of formula (4) may be prepared by reaction of a 
halide of formula (6): 
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Y< 




Hal 



(6) 



10 



15 



[where Hal is a halogen atom such as a bromine or chlorine atom] by 
halogen-metal exchange with a base such as n-butyllithium, followed by 
reaction with a nitrile R 3 CN, an acid chloride R 3 COCI or an ester 
R 3 C02Alk (where Alk is an alley! group, e.g. a methyl group) in a solvent 
such as tetrahydrofuran, at a low temperature, e.g. around -70°C, and 
subsequent treatment with an acid such as hydrochloric acid at e.g. -20<>C 
to ambient temperature. 

Alcohols of formula (5) may be prepared by reaction of an aldehyde of 
formula (7): 



with organometallic compound, such as an organolithium compound R 3 Li, 
or a Grignard reagent R 3 MgBr, in a solvent, such as tetrahydrofuran ,at a 
low temperature ,e.g. around -55°C to 0°C. 

Aldehydes of formula (7) may be prepared by alkylation of a 
corresponding compound of formula (8): 





(8) 



WO 94/14800 



PCT/GB93/02627 



20 

using a compound R 2 Hal [where Hal is as previously defined] using the 
reagents and conditions described herein above for the alkylation of 
intermediates of formula 4. 

5 Intermediates of formula (8) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

Halides of formula (6) may be prepared by alkylation of a compound of 
10 formula (9): 




Hal 



using the reagents and conditions discussed above in relation to the 
1 5 alkylation of aldehydes of formula (8). 

Halides of formula (9) where X is -0- may be prepared by oxidation of an 
aldehyde of formula (10): 




using an oxidising agent such as 3-chloroperoxybenzoic acid in a 
halogenated hydrocarbon such as chloroform at a temperature from 
around 0°C to room temperature. 

25 

Aldehydes of formula (8) and halides of formula (10) where X is -S- or 
-N(R 6 )- are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 

30 
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10 



15 



20 



In yet another aspect of the invention, compounds of formula (1) may be 
obtained by coupling a compound of formula (11) 



in a Heck reaction with an organopalladium compound derived from a 
compound R 4 Hal [where Hal is a halogen atom, such as a bromine atom] 
and a palladium salt, such as palladium acetate, in the presence of a 
phosphine such as tri-g-tolylphosphine and a base such as triethylamine 
at an elevated temperature and pressure. 

Intermediate alkenes of formula (1 1 ) may be obtained by reaction of a 
corresponding ketone of formula (4) (described herein above) using a 
Wittig reaction employing a phosphonium salt such as methyltri- 
phenylphosphonium bromide in the presence of a base such as n- 
butyllithium and in inert solvent such as tetrhydrofuran at, for example, 
0°C to ambient temperature. 

In a further process according to the invention a compound of formula (1) 
may be prepared by dehydrogenation of a compound of formula (12): 




(11) 




(12) 



where R is a hydrogen atom, 
using a dehydrogenating reagent. 



30 



Suitable dehydrogenating reagents include for example quinones such as 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone, in a solvent, e.g. dioxane, at 
an elevated temperature, e.g. the reflux temperature. 



WO 94/14800 



PCT/GB93/02627 



22 

Compounds of formula (12) may be prepared by cyclisation of a 
compound of formula (13) 



CH^CHjjR 

(13) 

where R is a carboxylic acid [-CO2HI group or a reactive derivative 
thereof; or a nitrile [-CN] or an imine salt with a Afunctional reagent 
WiR4aw2 an d f where necessary, a compound R 4b W3 [where W 1 , W 2 and 
W 3 , which may be the same or different, is each a reactive functional 
10 group or a protected derivative thereof; and R 4a and R 4b are components 
of the heteroaryl group R 4 such that when added together with W1, W 2 
and W 3 to the group R in compounds of formula (15) the resulting group 
,RWiR4aw2 or -RWiR^WSR^w 3 constitutes the heteroaryl group R 4 ]. 

15 Reactive derivatives of carboxylic acids for use in this reaction include acid 
halides, (e.g. acid chlorides), amides, including thioamides, or esters, 
including thioesters. imine salts include for example salts of formula [e.g.- 
C(OAlk)=NH2 + A-, where Alk is a Ci-4alkyl group and A- is a counterion 
e.g. a chloride ion]. 

20 

In this general reaction the reactive functional groups represented by W 1 , 
W2 or W 3 may be any suitable carbon, nitrogen, sulphur or oxygen 
nucleophiles. Particular examples include simple nucleophiles such as 
carbanions [e.g. generated by the coupling of an alkyl group with an 
25 organometallic compound], amino, thiol and hydroxy! groups. 

In general, the cyclisation reaction will initially be performed in a solvent, 
for example an inert solvent such as a halocarbon, e.g. dichloromethane, 
an ether, e.g. a cyclic ether such as tetrahydrofuran, or a hydrocarbon, 
30 e.g. an aromatic hydrocarbon such as toluene, from a low temperature, 
e.g. around -70°C, to around the reflux temperature, where necessary in 
the presence of a base or a thiation reagent, e.g. Lawesson's reagent, 
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followed if necessary by heating, to an elevated temperature, e.g. the 
reflux temperature. 

Thus, in one particular example, compounds of formula (12) wherein R 4 is 
5 a benzothiazolyl, benzoxazolyl or benzimidazolyl group may be prepared 
by reaction of a compound of formula (13) where R is an acid halicje, e.g* 
acid chloride, with a reagent WiR^W 2 which is 2-aminothiophenol f 2- 
hydroxyphenol, or 1,2-diaminobenzene respectively in the presence of a 
base e.g. an organic amine such as pyridine, in a solvent e.g. a 
10 halocarbon such as dichloromethane, from around -70°C to the reflux 
temperature.. 

In another example of the general cyclisation process, a compound of 
formula (13) where R is an acid halide as described above may be reacted 
15 with a compound WiR^W 2 which is a monoalkylmalonate, e.g. ethyl 
hydrogen malonate, followed by reaction with a compound R^W 3 which is 
hydrazine to give a compound of formula (1) wherein R 4 is a 5- 
hydroxypyrazolyl group. 

20 In another variation of the cyclisation process, the halide of formula (13) 
may be reacted with a compound WiR^W 2 which is BrMg(CH2)3[- 
0(CH2)20-] followed by reaction in an acid solution with a compound 
R^W 3 which is methylamine to yield a compound of formula (1) wherein 
R 4 is a N-methyl pyrrole group. 

25 

In a further example of the cyclisation process, the halide of formula (13) 
may be reacted with a compound W 1 R^W 2 which is H2NNHCSNH2 in an 
aromatic hydrocarbon such as toluene, at an elevated temperature, e.g. 
around 150°C, followed by treatment with a base, e.g. an inorganic base 
30 such as sodium bicarbonate to give a compound of formula (12) wherein 
R 4 is a 1,2,4-triazolyl-5-thiolate group. 

Intermediate compounds of formula (13) are particularly useful and form a 
further aspect of the invention. Active derivatives of the acids of formula 
35 (13) and other compounds of formula (13) where R is a nitrile or an imine 
salt may be prepared from the corresponding acids [where R is -CO2H] 
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using conventional procedur s for converting carboxylic acids to such 
compounds, for example as described in the Examples hereinafter. 

Acids of formula (13) [where R is -CO2H] may be prepared by hydrolysing 
5 a diester of formula (1 4) 



where Alk is a Ci^alkyl group, e.g. an ethyl group, with a base, e.g. 
10 sodium hydroxide, in a solvent, e.g. dioxane, at an elevated temperature, 
e.g. the reflux temperature, followed by acidification at an elevated 
temperature. 



Diesters of formula (14) may be prepared by reacting a diester of formula 
15 (15) 



with an organometallic reagent, such as a Grignard reagent using the 
conditions described above for the preparation of alcohols of formula (3) 
20 (where R is a hydroxy group). 

In another process according to the invention, a compound of formula (12) 
may be prepared by alkylation of a compound of formula (16): 




(14) 




HX 



25 




(16) 



using a reagent R 2 L, where L is a leaving group. 
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Leaving groups represented by L include halogen atoms such as iodine or 
chlorine or bromine atoms or sulphonyloxy groups such as 
arylsulphonyloxy groups, e.g. p-toluenesulphonyloxy. 

5 The alkylation reaction may be carried out in the presence of a base, e.g- 
an inorganic base such as a carbonate, e.g. caesium or potassium 
carbonate, an alkoxide, e.g. potassium-t-butoxide, or a hydride, e.g. 
sodium hydride, in a dipolar aprotic solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide or an ether, e.g. a cyclic 

10 ether such as tetrahydrofuran, at ambient temperature or above e.g. 
around 40°C to 50°C. 



25 



30 



Intermediates of formula (16) may be obtained from the corresponding 
protected compound of formula (17): 




15 



OH(fi 3 )CH(R*){R 5 ) 

(17) 

wherein X 1 is a protected hydroxy, thio or amino group using conventional 
procedures [see Green, T. W. ibitfi . Thus, for example, where X is a t- 
20 butyldimethylsilyloxy group, the required hydroxyl group may be obtained 
by treatment of the protected intermediate with tetrabutylammonium 
fluoride. The protected intermediate of formula (16) may be prepared in 
an analogous manner to the compounds of formula (1) using the reactions 
described herein and appropriately protected intermediates. 



Compounds of formula (15) may be prepared by condensing an aldehyde 
of formula (7) with a malonate, e.g. diethylmalonate, if necessary in the 
presence of catalysts, e.g. piperidine and acetic acid, in an inert solvent, 
e.g. toluene, at elevated temperature, e.g. the reflux temperature. 

Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula (1). Thus, for example, a group represented 
by R 3 or R 4 in compounds of formula (1) may be substituted in the aryl or 
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heteroaryl portions by any of the groups R 7 by an appropriate substitution 
reaction using the corresponding unsubstituted compound of formula (1) 
and a R 7 containing nucleophile or electrophile. 

5 In another example of an interconversion process a compound of formula 
(1) wherein the ary! or heteroaryl group in R 3 or R 4 contains a -CH2NH2 
substituent may be prepared by reduction of a corresponding compound 
wherein R 5 contains a nitrile group, using for example a complex metal 
hydride such as lithium aluminium hydride in a solvent such as an ether 

10 e.g. diethylether. 

In a further example, a compound of formula (1) wherein the aryl or 
heteroaryl group in R 3 and/or R 4 contains an alkanoylamino or 
alkanoylaminoalkyi substituent may be prepared by acylation of a 
15 corresponding compound wherein R 3 and/or R 4 contains a -NH2 or 
alkylamino group by reaction with an acyl halide in the presence of a base, 
such as a tertiary amine e.g. triethylamine in a solvent such as 
dichloromethane. 

20 In yet another example of an interconversion process, compounds of 
formula (1) wherein R 3 and/or R 4 is substituted by an ester [COaAlk 2 ], e.g. 
an ethanoate, may be prepared by esterification of a corresponding 
compound wherein R 3 and/or R 4 contains a carboxylic acid, using an acid 
halide, such as an acid chloride, e.g. acetyl chloride, in an alcohol, such as 

25 ethanol, at an elevated temperature, such as the reflux temperature. 

Compounds of formula (1) wherein R 3 and/or R 4 is substituted by a 
carboxylic acid may be prepared from the corresponding compound 
wherein R 3 and/or R 4 contains a formyl group, by oxidation with an 
30 oxidising agent, e.g. potassium permanganate, in a solvent, such as an 
alcohol, e.g. tert-butanol, at ambient temperature. 

In a further interconversion reaction, compounds of formula (1) wherein R 3 
and/or R 4 is substituted by an aminoalkyl group, such as dimethyl- 
35 aminomethyl, may be prepared by reductive amination of a corresponding 
compound wherein R 3 and/or R 4 contains a formyl group, using an amine, 
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e.g. dimethylamine, in the presence of a reducing agent, e.g. sodium 
cyanborohydride, if necessary in the presence of a catalyst, e.g. ethanolic 
HCI, in a solvent, such as an alcohol, e.g. methanol, at ambient 
temperature. 

5 

In another example of an interconversion reaction a compound of formula 
(1) wherein R 3 and/or R 4 is substituted by a formyl group, may be reduced 
to the corresponding alcohol, e.g. where R 3 and/or R 4 contains a hydroxy- 
methyl group, using a reducing agent, e.g. sodium borohydride, in a 

10 solvent, such as an alcohol, e.g. ethanol, at a temperature from around 
20°C to ambient temperature. The resulting alcohol may then be 
converted to the corresponding alkoxy derivative, e.g. methoxymethyt, by 
reaction with an alkyl halide or alkyl sulphonate using the methods and 
reagents described above for the alkylation of intermediates of formula 

15 (18). 

In a further example of an interconversion process compounds of formula 
(1) wherein R 3 and/or R 4 contains a carboxamido (-CONHR 11 ) or an 
aminocarbonyl (-NHCOR 11 ) group may be prepared by reaction of the 

20 corresponding compound wherein R 3 and/or R 4 contains a -CO2H or a 
-NH2 group respectively by reaction with a carbamate, such as isobutyl 
chloroformate or ethyl chloroformate, in the presence of a base, such as 
an amine, e.g. triethylamine or M-methylmorphoiine, in a solvent, such as 
dichloromethane, or a mixture of solvents, e.g. tetrahydrofuran and 

25 dimethylformamide, at a temperature from around -20°C to room 
temperature. 

N-oxides of compounds of formula (1) may be prepared by oxidation of the 
corresponding nitrogen base using an oxidising agent such as hydrogen 
30 peroxide in the presence of an acid such as acetic acid, at an elevated 
temperature, for example around 70°C to 80°C, or alternatively by 
reaction with a peracid such as peracetic acid in a solvent, e.g. 
dichloromethane, at ambient temperature. 

35 Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate acid or base in a suitable 
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solv nt e.g. an organic solvent such as an ether using conventional 
procedures. 

The following examples illustrate the invention. The following 
5 abbreviations are used: DMF - dimethylformamide; THF - 
tetrahydrofuran; DME - dimethoxyethane; EtOAc - ethyl acetate; Et20 
- diethylethen Et3N - triethylamine; CH2CI2 - dichloromethane; BuU - 
butyllithium; LDA - lithium diisopropylamide; EtOH - ethanol; RT - 
room temperature. 



I N T ERMEDIA TE 1 
15 3-CyclPpentylPxy-4-methPxy>?9ngaWehyd9 

CS2CO3 (21 4g, 0.66mol) was added to a mixture of 3-hydroxy-4- 
methoxybenzaldehyde (100g, 0.66mol) and cyclopentyl bromide (98g, 
0.66mol) in anhydrous DMF (500ml). The reaction mixture was stirred at 
RTfor 16h then treated with a further portion of cyclopentyl bromide (98g, 

20 0.66mol) and CS2CO3 (214g, 0.66mol).. After a further 6h at RT, the 
mixture was filtered and concentrated in vacuo . The residue was 
dissolved in CH2CI2 (300ml) and washed with NaOH solution (10%; 
2x1 50ml). The organic layer was dried (MgSO^, concentrated in vacuo. 
and distilled (150°C, 10' 2 mbar) to afford the title compound (I30g) as a 

25 viscous colourless oil. 6h (CDCI3) 1.5-2.0 (8H, br m, CfeU), 3.87 (3H, s, 
OMe), 4.80 (1 H, br m, OCHCH 2 ), 6.90 (1 H, d, i 8.7Hz, Arfci flfltlQ to OMe), 
7.30-7.45 (2H, rn, 2xArH msia to OMe), and 9.77 (1 H f s, ArCHO). 

INTERMEDIATE Z 
30 a) (3-CvclODentvloxv-4-methoxvDhenvnDhenylketQne 

Phenyllithium (1.5M in ether-cyclohexane, 33.5ml f 50mmol) was added 
dropwise to a solution of Intermediate 1 (10.0g, 45.4mmol) in THF (50ml) 
at about -55°C. The reaction mixture was allowed to warm to RT 
overnight then diluted with water (100ml) and extracted with Et20 
35 (3x50ml). The organic extract was washed with aqueous HCl (1%, 70ml), 
brine (100ml), then dried (MgS0 4 ), and concentrated JimasuQ to afford V 
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ra.RVRlopentyloxv-4-methoxyDhflnvlV 1 -phenvlmethanol (1 3.4a) as a white 
solid, m.p. 82.5-830C; 8h (CDCI 3 ) 1.5-2.0 (8H, br, m, (CtfeU), 2.30 (1H. 
br, s, Od). 3.77 (3H, s, OMe), 4.68 (1H. br, m, OCtLCH 2 ), 5.77 (1H, s, 
QtiOH), 6.75-6.85 (3H, m, Aril ortho to OMe + 2xArH meta to OMe), and 
5 7.15-7.4 (5H, m, C 6 H S ); m/Z 298 (M+ 20%), 230 (50). 151 (30), 125 (100), 
124 (33). 105 (38), and 92 (22). 

The alcohol (prepared above) (13.4g, 44.8mmol) was dissolved in CH2CI2 
(150ml) and treated with Mn02 (22g). The reaction mixture was 
vigorously stirred at RT for 18h then treated with a further portion of Mn02 

10 (20g). More MnO2(20g) was added after 10h and the mixture stirred for 
18h then filtered through Celite® and concentrated in vacuo- The residue 
was recrystallised from EtOH to afford the title compound (1 1.27g; two 
crops) as a white crystalline solid m.p. 59-75°C; 8h (CDCI3) 1.5-2.1 (8H, 
br, m, (CtbW. 3.88 (3H, s, OMe), 4.80 (1H, br m, OCHCH 2 ), 6.83 (1H, d, 

15 J. 8.5 Hz. ArH. ortho to OMe), and 7.25-7.8 (7H, m, 2xArH meta to OMe + 
C6H5); m/z296 (M+ 11%). 229 (17), 228 (95). 152 (12). 151 (100). 105 
(30), 77 (21). and 41 (10). 

The following intermediate was prepared in a manner similar to 
20 Intermediate 2a. 

b) (3-Cvclopentyloxv-4-meth oyvDhenvlV2-methoxvDhenvnketone 
From Intermediate 4 (1.35g. 5.0mmol) and 2-methoxybenzaldehyde 
(0.68g. S.Ommol). Chromatography (Si0 2 ; EtOAc/hexane, 1:1) afforded 
25 the title compound (1.43g) as a white solid (Found: C, 73.53, H, 6.86. 
C20H22O4 requires C, 73.60; H, 6.79%); m/z_ (El) 326 (M+, 28%). 258 
(65). 241 (82), 151 (67), 138 (32), 135 (100), and 121 (45). 

INTERMEDIATE 3 
30 s-Bromo-2-methoxvphenol 

A solution of 5-bromo-2-methoxybenzaldehyde (100g. 0.46mol) in CHCI3 
(250ml) was cooled with an ice bath and 2-chloroperoxybenzoic acid (50- 
60% purity) (146g, 0.51 mol) in CHCI3 (1000ml) added. The reaction 
mixture was allowed to warm slowly to room temperature and stirred for 
35 72h. The white solid was filtered off and the filtrate concentrated in vacw- 
The residue was dissolved in Et20 (200ml) and washed with 1M sodium 
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sulphite solution (2x200ml) then NaHCC>3 [half saturated] (3x200ml). The 
ether layer was washed with 10% aqueous NaOH (3x1 00ml) and the 
combined basic extract was acidified with concentrated hydrochloric acid 
and extracted with Et20 (3x1 00ml). The combined organic extract was 
5 dried (MgS0 4 ) and florisil (10g) filtered and the solvent-removed under 
reduced pressure to give the title compound (90g) as a pale brown solid. 

INTERMEDIATE 4 
4.Bromo-2-cvcloDentvloxvanlsole 

10 Intermediate 3 (90g)was dissolved in DMF (300ml), and treated with 
CS2CO3 (158g, 490mmol), and cyclopentyl bromide (73g, 52.5ml, 
490mmol). After stirring overnight, further CS2CO3 (35g, 107mmol) and 
cyclopentylbromide (12ml, 16.7g, 112mmol) were added and stirring 
continued for 2h. Further portions of cyclopentylbromide (10ml) and 

15 CS2CO3 were then added (14g). After stirring for 1h, the DMF was 
evaporated in vacuo and the residue diluted with water (200 ml) and 
extracted with Et20 (3x1 00ml). The combined organic extract was washed 
with NaOH solution (5%, 2x1 00ml), water (100ml), then dried (MgSCU) 
and the solvent evaporated in vacuo to give a red oil which was distilled 

20 (140°C, 0.3mbar) to afford the title compound (1 01g) as a colourless oil 
(Found: C, 53.11; H, 5.53. Ci2Hi 5 Br0 2 requires C, 53.15; H, 5.58%). 

INTERMEDIATE 5 

<3-Cyclopentvloxv.4-methoxvDhenvnf4-Pvrldvl)ketQne 
25 n-BuLi (1.45M in hexanes; 19.6ml, 28.4mmol) was added dropwise at 
-70°C to a solution of Intermediate 4(7.0g, 25.8mmol) in THF (50ml). 
After stirring for 0.25h, a solution of 4-cyanopyridine (3.08g, 29.7mmol) in 
THF (15ml) was added and maintained at -70°C for 0.75h. The reaction 
mixture was then allowed to warm to -10°C and quenched with aqueous 
30 HCI (10%; 60ml). The mixture was stirred for 0.5h, basified with aqueous 
NaOH (10%, 70ml), and extracted with Et20 (3x70ml). The extract was 
washed with brine (100ml), dried (MgS0 4 ), and concentrated in vacuo. 
The residue was subjected to chromatography (Si02; EtOAc/hexane, 4:1) 
to afford the title compound (6.34g) as a white powder. 5h (CDCI3) 1 .5-1 .9 
35 (8H, br m, (CHaM, 3-90 (3H, s, OMe), 4.82 (1H, br m, OCHCH 2 ), 6.84 
(1H, d, i 8.4 Hz, ArH ortho to OMe) 7.29 (1H, dd, J 8.4, 2.0 Hz, ArMfiSEa 
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to cyclopentyloxy), 7.4-7.55 (3H, m, ArH ortho to cyclopentyloxy + 
pyridine Ida. t!s). and 8.73 (2H, dd, J 4.4 Hz, 1.5 Hz, pyridine tfe. He). 

INTERMEDIATE 6 

5 (E) and (Z) Isomers of 4-f1-f3-Hvdroxv-4-methoxvDhenvn-2-r4.Dvridvl) 
ethenvnovrldlne 

Intermediate 8 (0.72g, 1.85mmol) in toluene (120ml) containing 4- 
toluenesulphonic acid (0.88g, 4.6mmol) was heated to reflux in a Dean- 
Stark apparatus for 18h. The cooled reaction mixture was treated with 

10 aqueous NaOH (10%) then taken to pH 7 with concentrated hydrochloric 
acid. The mixture was extracted with CH2CI2 (3x40ml), the extract 
washed with saturated NaHCC>3 (100ml), and Na2C03 (10%;2x60ml), then 
dried (MgS04), and concentrated in vacuo to afford the title compound 
(0.4g) as a yellow foam; §h (CDCI 3 ) (major isomer) 3.88 (3H, s, OMe), 6.6- 

15 6.9 (6H, m, ArH ortho to OMe + 2xArHmSJa to OMe + C=CH + pyridine 
hb, Hs), 7.08 (2H, dd, i 4.6, 1.6 Hz, pyridine Ha, Hs). 8.30 (2H, dd, U 4.5, 
1.6 Hz, pyridine H2. He), and 8.51 (2H, dd, J 4.4, 1 .6 Hz, pyridine H>, He), 
[the minor isomer displays a signal at 5 3.90 (3H, s, OMe)]. 

20 INTERMEDIATE 7 

a) (±)-4-f2-f3-Cy clopentvloxv-4-methoxvDhenvn-2-hvdroxy.2. 

phenylethyl] pyridine 
n-Buli (1.4M in hexanes; 2.7ml, 3.7mmol) was added dropwise at -70°C to 
a solution of 4-methylpyridine (0.35g, 3.72mmol) in THF (20ml). After 

25 0.5h, a solution of Intermediate 2 (1 .00g, 3.38mmol) in THF (4ml) was 
added over 5 min at -70°C, the mixture stirred for 1h at this temperature 
then allowed to warm to RT over 2h. The reaction mixture was partitioned 
between Et20 (50ml) and water (50ml) and the organic layer was 
separated. The aqueous layer was further extracted with Et20 (2x40m() 

30 and the combined organic extract was dried (MgS04) and concentrated in 
vacuo . The residue was subjected to chromatography (Si0 2 ; EtOAc- 
hexane) to afford, first, Intermediate 2 (300mg) then the title compound 
(738mg) as a white solid, m.p. 148-1 49°C (toluene-hexane) (Found : C, 
77.32; H, 7.04; N, 3.50. C25H27O3 requires C, 77.09; H, 6.99; N, 3.60%); 

35 8h (CDCI3) 1 .4-1 .9 (8H, br, m, (CHj) 4 ), 2.3 (1 H, v.br.s, OH exchanges with 
D 2 0). 3.51 (2H, s, Cth pyridine), 3.78 (3H, s, OMe), 4.60 (1H, br, m, 
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OCMCH 2 ), 6.65-6.9 (5H, m) and 7.15-7.4 (5H, m) (ArtLadJafi to OMe + 
2xArH meta to OMe + C6bs+ pyridine tb, ids), and 8.22 (2H, dm, J. 4.5Hz, 
pyridine ]±>, tk) ; mlZ 389 (M+ 3%), 298 (15), 297 (69), 229 (27), 228 (37), 
151 (43), 105 (100), 93 (52), 77 (24), and 41 (14). 

5 

The following compounds were prepared in a manner similar to 
Intermediate 7a. 

b) f±V-2-r2-f3-CvcloDentvloxv-4-methoxvDhenvlV2-hvdroxv-2- 

10 phenylethyl] pyrazine 

From 2-methylpyrazine (1.0ml, 110mmol) and Intermediate 2 (3.24g, 
11.0mmol). Trituration with Et20 gave the title compound (0.885g) as a 
white solid. 6h (CDCI3) 1.45-1.9 (8H, br, m, (CJkU). 3.73 (2H, s, CJJ2 
pyrazine), 3.80 (3H, s, OMe), 4.68 (1H, br, m, OCJd), 6.22 (1H, br s, Oil). 

1 5 6.73 (1 H, d, a 8.4 Hz. ArH pifoo. to OMe), 6.89 (1 H, dd, J 8.4, 2.0Hz, Arid 
PSia to cyclopentyloxy), 7.0 (1H, d, J 2.0Hz, ArH ortho to cyclopentyloxy, 
7.1-7.5 (5H, m, CeHs). and 8.37 (3H, s, pyrazine tb, £b tie). 

c) (±H-R-(3-CYOiopentvioxY-4-methPxyphenyl)-2-hydrQxy- 
20 phenylethy)>3,5-flchfQropyridine 

From Intermediate 11 (2.0g, 12.3mm6l) and Intermediate 2 (3.65g, 
12.3mmol). Purification by column chromatography (SiO2;0-2% MeOH/ 
CH2CI2) afforded the title compound (1.74g) as a white solid, m.p. 129- 
130°C. 6h (CDCI3) 1.5-1.9 (8H, br, m, (CtbM. 2.65 (1H, br s, OJdi, 3.85 
25 (3H, s, OMe), 3.92 (1 H, d, J 1 4Hz, CJdAH B pyridine), 3.98 (1 H. d, i 1 4 Hz, 
CHaHb pyridine). 4.57 (1H, br, m, OCH), 6.7-6.9 (3H, m, ArH ortho + 2x 
ArH msla to OMe), 7.2-7.4 (5H, m, CeUs), and 8.36 (2H, s, pyridine idb, 
He). 

30 d) 4-r2-f4-BromoDhenvlV2-f3-cvclODentvloxv-4-methoxvDhenvlV2- 

hytiroxyethyl]pyrldlne 
From 4-picoline (2.0mi, 1.90g, 20.4mmol) and Intermediate 26 (7.30g, 
19.5mmol). Purification by column chromatography (Si02; gradient elution 
50-75%, EtOAc/hexane) gave the title compound (7.77g) as a pale yellow 
35 foamy solid. Found: C, 63.82; H, 5.58; N, 2.96. 02sH26BrNO3 requires 
C, 64.11; H, 5.60; N, 2.99%. 8h (CDCI3) 1.5-1.9 (8H, br, m, (0^2)4), 2.7 
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(1H, br s, Ota 3.46 (1H, d, J 13.1Hz, CHaHb pyridine), 3.54 (1H, d. i 13.1 
Hz, CHaUb pyridine), 3.82 (3H. s, OMe), 4.64 (1H, br m. OCJ1), 6.75-6.9 
(5H, m. Ceba + pyridine tb. tb). 7.21 (2H, fia. d, 1 8.7Hz, Arid of C 6 H 4 ), 
and 8.29 (2H, ca. d, J 6.0Hz, pyridine tb, t!s); Vmax. (CDCI3) 3604, 1605, 
5 1513, and 1256 cnr"; mlz (ESI) 470 (M + +2, 20%). 468 (M + , 18), 377 
(52), 375 (55), 95 (13), and 94 (100). 

9) {4^^{2.f3.Cvrr!"pft"*V»Q^ ^^ thQWphenvlV2 - r4 " f4 - 4 " 

rtimAthvi-2.Qxa ^iinynohenvn-?-hvdroxvethv1TPvridine 
10 From 4-methylpyridine (1.45g, 1.52ml, 15.6mmol) and Intermediate 14 
(5.82g, 14.9mmol). Trituration with Et20 gave the title comound (6.61 g) 
as an off-white solid. Sh (CDCI3) 1.37 (6H, s, CMe), 1.55-1.8 (8H, m, 
(Ctb) 4 ), 2.7 (1H, v. br s, Oti), 3.56 (2H, br s, CH2 pyridine), 3.82 (3H, s, 
OMe), 4.10 (2H, s, oxazoline CH2), 4.63 (1H, m, OCH). 6.75-6.9 (5H, m. 
15 Arid). 7.37 (2H, d, 1 8.6Hz, pyridine hb, tb), 7.85 (2H, d, J. 7.3Hz, Arid 
ortho to oxazoline) and 8.29 (2H, br s, pyridine tb, hb) ; v max . (CDCI3) 
3603. 1649, 1512, and 1257 cm*i; m/z (ESI) 487 (M+ +1, 100%), and 394 
(61). 

20 f) A.p.f3-CvclopftntvlQYv-4-m ethoxvphenvn-2-hvdroxv-2-(2- 
thi ? nyi)eth V nDvr»dlne 

From 4-picoline (0.94g, 10.1mmol) in THF (80ml) and Intermediate 18 
(3.06g, 10.1mmol) in THF (20ml). Chromatography (Si0 2 ; Et 2 0 to 
EtOAc/hexane, 4:1) afforded the title compound (3.32g) as a white foam 

25 m.p. 57-67°C (Found C, 69.82; H, 6.42; N. 3.41. C23H25NO3S requires 
C, 69.85; H, 6.37; N, 3.54%); 8h (CDCI3) 1.5-2.0 (8H, m, (Chb) 4 ), 3.0 
(1H, br s, OH), 3.50 (1H, d, i 13.2Hz pyridine CIJaHb). 3.58 (1H, d, 1 
1 3.2Hz, pyridine CHaHb). 3.83 (3H, s, OMe). 4.64 (1 H. m, OCM).6.75-6.8 
(1 H. m, Arid of C 6 H 3 ), 6.85-7.05 (6H, m, 2xArid of C 6 H 3 + pyridine tb, ids + 

30 thiophene tb, H4), 7.25 (1 H, dd, J. 4.7, 1.7Hz, thiophene Ms), and 8.29 
(2H, ca d, i 6.0Hz, pyridine tb, tie); m/Z (ESI) 418 (M + + Na, 10%), 396 ( 
(M + + 1. 100). 303 (35). 95 (12), and 94 (72). 



The alcohol was then dehydrated using the procedure described in 
35 Example 7. 
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INTERMEDIATE 8 

(+)^ri.(3.CyclQDentvlQ yv-4-methoxvDhenvn-1-hvdroxv-2-(4-PvriClvn 
ethvllpvrldlne 

n-BuLi (1.45Min hexanes; 5.1ml,7.41mmol) was added dropwise at -70°C 
5 to a solution of 4-methylpyridine (0.69g, 7.41 mmol) in THF (20ml). After 
0.5h a solution of Intermediate 5 (2.0g, 6.73mmol) in THF (10ml) was 
added dropwise over 5 min. The reaction mixture was stirred for 0.5h at 
-70°C then at RT for 0.5h. Water (50ml) was added and the mixture 
extracted with EtOAc (3x60ml). The extract was washed with brine 
10 (80ml), dried (MgS0 4 ), and concentrated /n vacuo. The residue was 
subjected to chromatography (Si0 2 ; EtOAc to EtOAc/CH 3 OH, 9:1) to 
afford the titia compound (2.33g) as a white amorphous solid m.p. 99- 
103°C; 5h (CDCI 3 ) 1.5-2.0 (9H, br, m, (CldbU + OH), 3.49 (2H, d, J 2.3 Hz, 
Ctb COH). 4.65 (1 H, br m, OCHCH 2 ), 6.7-6.9 (5H, m, ArJlojltlQ to OMe+ 
15 2xArjj met a to OMe + pyridine tb. tis), 7.20 (2H, dd, JL 4.6, 1.6 Hz, 
pyridine hb, tis). 8.22 (2H, dd, J. 4.6. 1.6 Hz, pyridine Ida. He), and 8.40 
(2H. dd, 1 4.6, 1.6 Hz, pyridine hb, tie); m/z 390 (M+ 3%), 298 (21), 297 
(14), 230 (21), 229 (91), 151 (100), 106 (22), 93 (27), 78 (12), and 41 (23). 

20 INTERMEDIATE 9 

l-(3.CvcloDentvlox Y-4-methoxvphenvlV1-Dhenvlethene 

To a cold suspension (0°C) of methyl triphenylphosphonium bromide 
(53.6g; 0.15mol) in THF (500ml) under a nitrogen atmosphere was added 
n-BuU (1.6M in hexanes; 94ml, 0.15mol) dropwise and the reaction 

25 mixture stirred at 0°C for 1 h. A solution of Intermediate 2 (29.6g, 0.1 mol) 
in THF (100ml) was added dropwise and the stirred reaction mixture 
allowed to warm to RT over 3h. The mixture was poured into 10% NH4CI 
solution (600ml) and extracted with CH2CI2 (2x500ml). The combined 
organic layer was dried (MgSCU), filtered and concentrated in vacuo. The 

30 residual slurry was triturated with hot hexane (500ml), the precipitated 
phosphine oxide filtered off and the filtrate evaporated in Y9QUQ to yield the 
title compound (28.85g) as a yellow oil. 8h (CDCI3) 1.5-2.0 (8H, br m, 
(C]±>)4). 3.85 (3H, s, OMe), 4.71 (1H, br m, OCH), 5.38 (2H, dd, i 10.5, 
1.3Hz, C=CH 2 ). 6.75-6.9 (3H, m, Cetk), and 7.3-7.5 (5H, m, Ceids) . 

35 

INTERMEDIATE 10 
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a) (±)-3-[a-(3-QyQlpp?ntYlQxy-4-m9thQXYPh9ny()-2-hY<iroxy-2. 
PtigpyletMK-tTtethQxypyragine 

n-BuLi (1.6M in hexanes; 6ml, 12mmol) was added dropwise at 4°C to a 
solution of U, N-diisopropylamine (1.85ml, 13mmol) in THF (40ml). After 
5 0.5h, 2-methoxy-3-methylpyrazine (1.28ml, 11mmol) was added dropwise 
at -70°C and the mixture stirred for 2h at this temperature. A solution of 
Intermediate 2 (3.26g, 11mmol) in THF (20ml) was added over 10 min at 
-70°C and the mixture stirred for a further 1h and then allowed to warm to 
RT. The reaction mixture was partitioned between CH2CI2 (75ml) and 

10 saturated NaHC03 (100ml). The organic layer was separated, combined 
with further CH2CI2 extracts (2x75ml), dried (MgSC^) and concentrated M 
vacuo . The residue was subjected to chromatography (Si02; CH2CI2) to 
afford the title compound (2.94g) as a white foam. 8h (CDCI 3 ) 1.5-2.0 
(8H, br m, (CH2U). 3.63 (1H, d, d 14 Hz, CHH pyrazine), 3.77 (1H, d, d 

15 MHz, CHH pyrazine), 3.79 (3H, s, OMeoifco. to cyclopentyloxy), 3.97 
(3H, s, pyrazine OMe), 4.67 (1H, br m, OCH), 6.72 (1H, dd, J 8.4Hz, ArM 
ortho to OMe). 6.77 (1 H, s, OH). 6.91 (1 H, dd, J 8.4Hz, 2.0Hz, ArH paxa to 
cyclopentyloxy), 7.00 (1H, d, A 2.0Hz, ArHfldbo.to cyclopentyloxy), 7.1-7.5 
(5H, m, Ceils), and 7.85-7.95 (2H, m, pyrazine Ms, He). 

20 

b) (A)-2-r-2-(3-Cyc>openw»oxy4-methoxyphenyl)-2-hydroxy-2- 
pheny|ethyl]-4-methylpyr1dJne 

From 2,4-dimethylpyridine (1.7ml, 14.5mmol) and Intermediate 2 (4.30g, 
14.5mmol). Purification by chromatography (S1O2; CH2CI2) afforded the 

25 title compound (1.23g) as a colourless oil (Found: C, 77.07; H, 7.10; N, 
3.25. C26H29NO3 requires C, 77.39; H, 7.24; N, 3.47%); 8h (CDCI3) 1.4- 
1.9 (8H, br m, (CM2) 4 ), 2.25 (3H, s. pyridine Me). 3.60 (2H, s, CM2 
pyridine), 3.77 (3H, s, OMe), 4.68 (1H. br m, OCH), 6.72 (1H, d. J 8.5Hz, 
ArUoittlQto OMe), 6.8-6.95 (3H, m, ArHoaiato cyclopentyloxy + pyridine 

30 tb, Hs), 7.02 (1H, d, J. 2.2Hz, AridoUbfi to cyclopentyloxy), 7.1-7.3 (3H. 
m, meta and aaia ArH of C6H5), 7.46 (2H, sa d, J, 8.5Hz, ortho ArH of 
C 6 H 5 ), and 8.23 (1H, sa d, i 6 Hz, pyridine He); m/2 (ESI) 404 (M + +1. 
72%), 387 (13), and 386 (100). 



35 C) (±V4-r2-(3-Cvclopentvloxv-4-methoxvDhenvh-2-hvdroxY-2- 

phenvlethyilpvrimidine 
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From 4-methylpyrimidine (1 .Oml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si02;CH2Cl2) afforded the title compound (2.56g) as 
a white solid; 8h (CDCI 3 ) 1.5-2.0 (8H, br m. (0^2)4). 3.66 (2H, s. CM2 
pyrimidine), 3.77 (3H, s, OMe), 4.65 (1H, br m, OCM), 6.58 (1H, s, OH), 
5 6.72 (1H, d, J. 8.4Hz, Aril ortho to OMe), 6.85 (1 H, dd, J. 8.4, 2.2Hz, ArM 
para to cyclopentyloxy), 6.98 (1 H, d, J. 2.2Hz, ArM ortho to cyclopentyloxy), 
7.07 (1H, d, J. 5.2Hz, pyrimidine H5), 7.15-7.45 (5H, m, CsUs), 8.53 (1H. 
d, J 5.2Hz, pyrimidine tie), and 8.99 (1 H, s, pyrimidine te). 

10 d) (±)-3-r2-(3-Cv elonentvloxv-4-methoxvDhenvlV2-hvdroxv-2- 
P hen y lethvHDvrldazine 

From 3-methylpyridazine (1.0ml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si02; EtOH-CH 2 Cl2) afforded the title compound 
(4.02g) as an off-white solid. 

15 

INTERMEDIATE 11 

3.5-DichtPrQ^-niethyipyr»djne 

3,5-Dichloropyridine (2.04g, 13.5mmol) in THF (5ml) was added dropwise 
to a solution of LDA [prepared from diisopropyiamine (1.9ml, 13.5mmol) 

20 and n-BuLi (1 .6M; 8.4ml, 1 3.5mmol)] in THF (25ml) at -70°C. After stirring 
at this temperature for 5 min, iodomethane (0.85ml, 13.5 mmol) was 
added and the reaction mixture stirred for a further l.5h at -70°C. 
Saturated NaHC03 (20ml) and CH2CI2 (20ml) were added, the organic 
phase separated, dried (MgSCU). and concentrated in vacuo . The residue 

25 was subjected to chromatography (Si02; Et20/hexane, 1:3) to afford the 
title compound (1.1 6q) as a pale yellow solid. 8h (CDCI3) 2.46 (3H, s, Me), 

and 8.36 (2H, s, pyridine M2. tie)- 

INTERMEDIATE 12 
30 (4-Bromophen Yl)(3-cvcloDentvloxv-4-methoxvphenvi)ketone 

A solution of Intermediate 4 (8.00g, 29.5mmol) in THF (50ml) at -70°C was 
treated with n-BuLi (19.4ml, 31.0mmol, 1.6M solution in hexanes). The 
slightly yellow solution was stirred at -70°C for 0.5h then a solution of 4- 
bromobenzaldehyde (5.46g, 29.5mmol) in THF (50ml) was added xfa 
35 cannula. The reaction was allowed to warm to RT over 2h then quenched 
with water (25ml) and extracted with Et20 (2x50ml). The extract was dried 
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(MgS04) and concentrated in vacuo to give a pale yellow oil which was 
dissolved in CH2CI2 (150ml) and treated with manganese dioxide (I9.24g, 
0.22mol). The mixture was stirred vigorously for 20h at RT then filtered 
through Celite® and the residue washed with CH2CI2 (5x50ml). The 
5 filtrate was concentrated in vacuo to give an off-white solid which was 
triturated with hexane to give the title compound (7.50g) as a white solid; 
5 H (CDCb) 1.55-2.05 (8H, m, (Ci&U), 3.92 (3H, s. OMe). 4.83 (1H, m. 
OCU), 6.89 (1H, d, i 8.4Hz, ArilfiflhQto OMe), 7.33 (1H, dd, J 8.4, 2.0Hz, 
ArHoaia to OMe), 7.42 (1H, d, J. 2.0Hz, ArHQJlllQ to cyclopentyloxy), and 
10 7.55-7.7 (4H, m, CeH*); Vmax. (CDCI3) 2248, 1652, 1590, and 1270 cnr» : 
m/Z (ESI) 399 (M+ +2+Na, 100%), 397 (M++Na, 90), 296 (16), and 236 
(10). 

INT ERMEPIATE 13 
15 Ethyl(EH3-CyclQpentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 

propenoata 

A mixture of Intermediate 1 (26.62g, 0.12mol), ethyl-4-pyridylacetate 
(19.92g, 0.12mol, 1eq) and ammonium acetate (18.63g, 0.24g, 2eq) in 
glacial acetic acid (200ml) was stirred at 120°C under nitrogen for 20h. 

20 The solution was cooled to RT and the acid removed in vacuo . The 
orangy/brown residue was taken up in saturated NaHC03 solution to pH 
8.5 and the aqueous layer extracted several times with EtOAc. The 
combined organic layer was washed (brine), dried (MgS04) and 
evaporated to dryness to give a yellow solid. Recrystallisation from 

25 toluene/hexane (1st crop) then toluene (2nd crop) followed by column 
chromatography (hexane-EtOAc/hexane, 7:3) gave the title compound as a 
white crystalline solid, m.p. 109-1 10°C. 8h (CDCI3) 1.27(3H, t, J. 7.1Hz, 
CH 2 Chb). 1.45-1.8 (8H, br m, cyclopentyl Jl's). 3.81 (3H. s. OMe), 4.16 
(1H, br m, OCH), 4.25 (2H,q, J.7.1 Hz, Cti2CH 3 ), 6.43 (1 H, d J 2.0 Hz, Add 

30 ortho to cyclopentyloxy), 6.73 (1H, d, J. 8.4 Hz, ArtL ortho to OMe), 6.80 
(1H, dd, J. 2.0 , 8.4 Hz, ArH eaia to cyclopentyloxy), 7.22 (2H, dd, J 1.6, 
4.5Hz, pyridine tb, Jds). 7.83 (1H, s, HC = C) and 8.64 (2H, dd, i 1.6, 4.5 
Hz, pyridine tie). • 



35 INTERMEDIATE 14 

4-(4.4-dimethyl-2-oxazolinvlV3 , -cyclopentvloxv-4'-methoxvphenvl^ 
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Ketone 

A solution of 2-(4-bromophenyl)-4,4-dimethyloxazoline (A. J. Meyers, D. L 
Temple, D. Haidukewych and E. D. Milhelich J. Org. Chem, 3JL 2787, 
1974) (53,25g, 0.21 mol) in THF (200ml) was added dropwise to 

5 magnesium turnings (6.0g, 0.25g atoms). The reaction was stirred for 2h 
at RT, then a solution of Intermediate 1 (46.0g, 0.21 mol) in THF (200ml) 
was added dropwise. The reaction was stirred for 16h then heated to 
reflux for 1 h, cooled to RT and quenched with ammonium chloride 
solution (200ml). The layers were separated and the aqueous layer 

1 0 extracted with EtOAc (2x250ml). The organic layer was washed with brine 
(250ml), dried (MgS04), then concentrated in vacua to give an orange oil. 
The crude oil was dissolved in CH2CI2 (350ml) and treated with 
manganese dioxide (137g, 1,58mol) then stirred vigorously for 72h. The 
mixture was filtered through Celite® and the residue washed with CH2CI2 

15 (300ml). The filtrate was concentrated in vacuo and the residue triturated 
with Et20 to give the title compound (59.4g) as an off white amorphous 
powder m.p. 159°C. 5h (CDCI3) 1.41 (6H, s, CMeji). 1.5-2.1 (8H, m, 
(CfcbW. 3.92 (3H, s, OMe), 4.15 (2H, s, oxazoline Ctfe), 4.84 (1H, m, 
OCfcL) ,6.89 (1H, d, i 8.4HZ, ArfcLpifoo. to OMe), 7.35 (1H, dd, J. 2.0, 8.4 

20 Hz, ArM Baa 1° OMe), 7.43 (1H, d, J 2 Hz, ArHfl£tbfl to cyclopentyloxy), 
7.78 (2H, d, J. 8.5Hz, ArH), and 8.03 (2H, d, J. 8.5Hz, ArH); vmax 
(CDCI 3 )1648 and 1271 cnr 1 ; m/z (ESI) 394 (M + + 1, 100%). 

The following Intermediate was prepared in a manner similar to the 
25 compound of Example 7a. 

INTERMEDIATE 15 

(E) and (Z) Isomers of 4>f2-f3-Cvclopentvloxv-4-methoxvohenvn.2.r4- 
(4.4.d»methvl.2-oxazoHnynphenvt1ethenvllPvrldine 

30 From the alcohol of Intermediate 7e (4.57g, 9.8mmol), trifluoroacetic 
anhydride (2.47g, 1.66ml, 11.8mmol) and triethylamine (0.99g, 1.36ml, 
11.8mmol). A portion (100mg) of the residue was subjected to 
chromatography (Si02; EtOAc) to give the title compound (68mg) as a 
yellow foam. 8h (CDCI 3 ) 1.39, 1.41 (6H, s, CM.Q2), 1.5-1.95 (8H, m, 

35 (CtkW, 3.85, 3.88 (3H, s, OMe), 4.1 1 , 4.14 (2H, s, oxazoline CH2), 4.55, 
4.69 (1H, m, OCH), 6.6-6.7 (1H, m, ArH), 6.8-6.85 (3H, m, ArH), 6.91 (1H, 
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d, J 6.2Hz, pyridine Hs, ids), 7.23. 7.38 (2H, d. i 8.2Hz, Arid), 7.9-8.0 (2H, 
m, ArH) and 8.3-8.45 (2H, m, pyridine Jd2. hsY, v m ax (CDCl3)1735, 1646, 
1597 and 1318 cm* 1 ; m/Z (ESI) 469 (M + .100%). 

5 INTERMEDIATE 16 

(^.p.^CveloDentvl ftYY^.methoxvnhenvlV-2-f2-furvlV2-hVClroXY- 

gthynpyrititoe 

n-Butyllithium (1.6M solution in hexane; 16.9ml, 27mmol) was added to a 
stirred solution of furan (1.84g, 1.96ml, 27mmol) in THF (25ml) at -70°C. 

10 After 1h at -70°C, a solution of Intermediate 1 (4.0g, 18mmol) in THF 
(10ml) was added over 10 min. The reaction mixture was stirred at -70°C 
for 0.75h. warmed to RT over 0.75h, then quenched with water (100ml) 
and extracted with Et20 (3x60ml). The extract was washed with brine 
(100ml), dried (MgS04), and concentrated in vawo. The residual orange- 

15 yellow oil was subjected to chromatography (Si02; CH2Cl2/hexane, 3:1, 
then Et 2 0/hexane. 1:1) to give (3-cyclopentyloxy-4-methoxyphenyl)(2- 
furyl)methanol (3.2g, 61%) as a colourless unstable oil; v m ax- (neat) 
3500cm' 1 . 

The alcohol (3.2g) was stirred with manganese (IV) oxide (10g) in CH2CI2 
20 (100ml) at RT for 3h. The mixture was filtered through Celite® and the 
filtrate concentrated in vacuo . The residual dark oil was subjected to 
chromatography (Si02) to give (3-cyclopentyloxy-4-methoxyphenyl)-(2- 
furyl)ketone (1.9g); Vmax (neat) 1 620cm-"' 

n-Butyllithium (1.6M solution in hexanes; 4.2ml, 6.64mmol) was added to a 
25 solution of a 4-methylpyridine (0.62g, 0.65ml, 6.64mmol) in THF (25ml) at 
-70°C. After 0.5h, a solution of the crude ketone (1.9g, 6.6mmol) in 
THF (5ml) was added, stirred for 1h at -70°C, then at RT for 0.25h. The 
reaction mixture was quenched with water (50ml) and extracted with 
EtOAc (3x50ml). The extract was dried (MgSCty, concentrated in vacuo, 
30 and the residual red oil subjected to chromatography (Si0 2 ; 
EtOAc/hexane, 3:2) to afford the title. compound (1.23g, 49%) as a pale 
yellow oil; 5h (CDCI3) 1 .5-1 .9 (8H, br m, (Cti2) 4 ), 2.84 (1 H, br s, Old), 3.30 
(1H, d, J. 13.2Hz, CMaHb pyridine), 3,59 (1H, d, <L 13.2Hz, CHaMb 
pyridine), 3.82 (3H, s, OMe), 4.65 (1H, br m OCH), 6.24 (1H, dd, J. 3.3. 
35 0.7Hz, furan tb). 6.35 (1H, dd. i 3.3. 1 .8Hz, furan hU), 6.75-6.85 (3H, m, 
Cetb), 6.85 (2H, dd, i 4.5, 1.6Hz, pyridine tb, ids). 7.43 (1H. dd, i 1.8. 
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0.7Hz, furan Us), and 8.33 (2H, dd, i 4.5, 1.6Hz, pyridine Us): m/Z 
(ESI) 402 (M + + 23, 20%), 380 (M + + 1. 35), 287 (100), 95 (28), and 94 
(97). 

5 INTERMEDIATE 17 

(3-Cyctopentyloxy^-methoxyphenyl)-2-th»env»methanol 

Thienyllithium (1.0M solution in THF; 14ml, 14.0mmol) was added to a 
solution of Intermediate 1 (3.04g, 13.8mmol) in THF (30m!) at -70°C. After 
0.25h. the reaction mixture was allowed to warm to RT, stirred for 0.75h, 

10 then quenched with 10% aqueous NH4CI solution (25ml) and extracted 
with Et20 (3x40ml). The extract was dried (MgS04), concentrated in. 
vacuo , and the orange residue subjected to chromatography (Si02; 
Et20/hexane, 1:1) to afford the title compound (3.88g), as an off-white 
solid m.p. 79-80°C (from hexane-diisopropyl ether) (Found: C, 67.10; H, 

15 6.65. C17H20O3S requires C, 67.08; H, 6.62%); 5 H (CDCI3) 1.5-2.0 (8H, 
brm, (CH2)4), 2.37(1 H, br s, OH), 3.84 (3H, s, OMe), 4.75 (1H, br m 
OCU), 5.99 (1H, br s, CHOH), 6.8-7.1 (5H, m, Cebi + thiophene tb, hU), 
and 7.2-7.3 (1H, m, thiophene tte) Wz (ESI) 327 (M++ Na, 100%). 

20 INTERMEDIATE 18 

(3-CyclQpentyloxy-4-mgthoxyphepy|)-2-thlenylKetQn9 

A solution of Intermediate 17 (3.37g, 11.08mmol) in CH2CI2 (200ml) was 
stirred vigorously with manganese (IV) oxide (15g) for 2h. The mixture was 
filtered through Celite® and the filtrate concentrated in vacuo to afford the 

25 title compound (3.32g), as an amber oil (Found: C, 67.38; H, 6.08. 
C17H18O3S requires C, 67.53; H, 6.00%); 8h (CDCI3) 1.55-2.0 (8H, br m, 
(Cid2)4), 3.93 (3H, s, OMe), 4.85 (1H, br m, OCH). 6.92 (1H, d, i 8.3Hz, 
ArtipHhQ to OMe), 7.16 (1H, dd, 4.9, 3.8Hz, thienyl tU), 7.46 (1H, d, J 
2.0Hz, ArJi ortho to cyclopentyloxy), 7.53 (1 H, dd, J 8.3, 2.0Hz ArH para to 

30 OMe), and 7.65-7.7 (2H, m, thienyl U3, ids); m/z (ESI) 627 (2M + + Na, 
90%), 325 (M + + Na, 100). and 303 (M + . 10). 



35 



EXAMPLE 1 

a) (E) and fin isomers of 4.r2.f3-CvcloDentvloxv^-methoYv. 

phenyi)-2-pheny|ethenyl] pyridine 
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Intermediate 7a (3.13g, 8.05mmol) was dissolved in toluene (70ml) 
containing 4-toluenesulphonic acid monohydrate (1.91g, 10.05mmol) and 
the mixture heated to reflux for 1h. The reaction mixture was poured into 
aqueous NaOH (10%; 100ml) and stirred for 5 min. The mixture was 

5 extracted with Et20 (3x70ml) and the organic extract washed with water 
(80ml), and brine (80ml), then dried (MgS0 4 ), and concentrated in vacvQ 
to afford a mixture of the titia compounds (3.0g) as a viscous pale yellow 
oil. 8h(CDCI 3 ) 1.5-2.1 (8H, br m, (CtbU). 3.82 (major) and 3.84 (minor) 
(3H, s, OMe), 4.8 (1H, br m, OCHCH 2 ), 6.6-7.4 (11H, m. ArUpUhjato OMe 

10 + 2xArH meta to OMe + CSs+ pyridine tb. Ms), and 8.2 - 8.35 (2H, m, 
pyridine Jbfe, tish m/Z 372 (M+ + 1, 12%), 371 (M+ 40), 304 (21), 303 
(100), 302 (72) and 274(22). 

The following compounds were prepared using a similar procedure: 

15 

b) (E) and (T\ iso mers of 2.r2-f3.CvcloDentvloxv-4.methoxv- 
phanyn-2-Dhenvlethenvn pyrazine 

From Intermediate 7b (570mg, 1.5mmol) and 4-toluene sulphonic acid 
(about 20mg). Upon completion, the reaction mixture was concentrated in. 

20 vacuo then subjected to chromatography (SiCV, Et20) to afford the tills 
compound (520mg) as a colourless oil. 8h (CDCI 3 ) 1.5-2.0 (8H, br m, 
(CikM. 3.84 and 3.86 (3H, s, OMe), 4.58 and 4.72 (1H, br m, OCH). 6.65- 
7.5 (9H, m, C6!i5+C=CM+ArHojlufl to OMe+2xArJH[ mfiia to OMe), 7.90 
and 8.04 (1H. d, J. 1.5Hz, pyrazine Jdb). 8.18 and 8.21 (1H, d, J. 2.5Hz, 

25 pyrazine Me), and 8.45 and 8.48 (1 H, m, pyrazine Ms). 

c) (E) and m Isom ers of 3.r2-(3.Cvc»opentvloxv-4-methoxv- 
phenylV.2-Dhen vlethenvn-2-methoxvPvrazlne 

From Intermediate 10a (2.94g, 7.0mmol) and 4-toluene-sulphonic acid 
30 (about 20mg) as described for Intermediate 7b to afford the title compound 
(2.67g) as a yellow oil. 5h (CDCI3) 1.5-2.0 (8H, br m, (CH 2 )4), 3.80, 3.81 , 
3.83, 3.86 (2 x 3H, s, 2 x OMe), 4.50, 4.70 (1H, br m, OCH), 6.60-7.5 (9H, 
m, Ceils + C = CU + ArH ortho to OMe + 2 x ArH meta to OMe) and 7.7- 
. 7.95 (2H, m, pyrazine Ms, hte). 

35 

d) (i) (El 4-T2-f3.Cvclopentvloxv- a.methoxvoh nvlV2-Phenvlethenvn- 
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?,s.riirhi Q foovfldine 
(ii) ir\ 4.r2.f3-Cvf »n pentvloxv-a -methoxvDhenvlV2-Phenylethenvn 

■^^ri jnhlnropyridlne 
From Intermediate 7c (1.60g, 3.58mmol) and 4-toluene-sulphonic acid 

5 (0.85g). Purification by column chromatography (Si02i CH2CI2) afforded: 
i) (E) titifl compound (960mg) as an off-white solid m.p. 1 38.5-1 40°C. 8h 
(CDCfe) 1.5-2.0 (8H, br m, (CM)*), 3.88 (3H, s, OMe), 4.72 (1H, br m, 
OCtl), 6.59 (1H, s. C=CH). 6.85 (1H, d, i 8.4Hz, ArHoifcD.to OMe), 6.90 
(1H, d, i 2.0Hz, ArH ortho to cyclopentyloxy), 6.95 (1H, dd, J. 8.4, 2.0Hz, 

10 Ariloara to cyclopentyloxy), 7.0-7.1 (2H, m, H2. He of C 6 Hs). 7.15-7.3 
(3H. m, ii3, H4, Hs of C 6 H 5 ), and 8.35 (2H, s, pyridine H2. He), 
and ii) (Z) titiP compound (240mg) as an off-white solid, m.p. 155- 
156.5°C. 8h (CDCI3) 1.4-1.8 (8H, br m (CH2k). 3.80 @H, s - °Me). 4.42 
(1H, br m OCtO, 6.52 (1H, d. J. 2.0 OHz,m ArHoHhato cyclopentyloxy), 

15 6.56 (1H. s, C=CH), 6.57 (1H, dd, i 8.4, 2.0 Hz, ArMcarato cyclopentyl- 
oxy), 6.68 (1H, d, J 8.4 Hz, ArHoUbfito OMe), 7.3-7.45 (5H,m, Cgtls). and 
8.37 (2H, s, pyridine H2, He)- 

e) (P > andra lsomp r« nf g.r2.f3-CvclonenWloxy-4-methOXY 

20 ph ft nylV.2.phenY' ttthftn y l l- 4 - m6thvlpvr ' dine 

From Intermediate 10b (1.15g, 2.85mmol). Purification by 
chromatography (Si0 2 ; EtOAc) afforded the title compound (1.2g) as a 
pale yellow solid; 8h (CDCI3) 1.4-1.9 (8H, br m, (Ctek). 2.04 (major). 
2.09 (minor) (3H, s. pyridine Me), 3.85 (major), 3.88 (minor) (3H, s, OMe), 

25 4.58 (minor), 4.72 (major) (1H, br m, OCH), 6.4-7.5 (11H, m, 
CeMs+Cehb+pyridine Ha Hs + C=CH), 8.5-8.55 (1H, m, pyridine hie). 
'Hn.m.r indicates a 2:1 E/Z ratio. 

f) ( F > and m iso m ers Pi a.r2.f3-Cvclopentvloxv-4-methPXY 
30 P hfinylV2-phenvlethenvnpvrimidlne 

From Intermediate 10c (2.55g). Purification by chromatography (S1O2; 
Et20) afforded the title compound (1.20g) as a pale yellow foam; 8h 
(CDCI3) 1.5-2.0 (8H, br m, (CJ±>) 4 ), 3.88,3.90 (3H, s, OMe), 4.60. 4.70 
(1H, br m. OCH). 6.44, 6.64 (1H. 6,1 5.2Hz, pyrimidine Hs). 6.65-7.0 
35 (3H, m, CeHa). 7.2-7.45 (6H. m, C6H5+C=CH ), 8.26. 8.32 (1H, d, J. 5.2Hz. 
pyrimidine He) . and 9.10, 9.12 (1H, ca s, pyrimidine H2). 
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g) {El andfZl Isomers of 3-r2-f 3-Cvclopentvloxv-4-methoxv 
phenvlV2-Dhenylethenvn Pvrldazlne 

From Intermediate 10d (4.0g). Purification by chromatography (Si02i 
5 Et20) afforded the title compound (2.07g) as a pale yellow solid (Found: 
C, 77.59; H, 6.49; N, 7.24. C24H24N2O2 requires C, 77.39; H, 6.50; N, 
7.52%); 8h (CDCI3) 1.5-1.9 (8H, br m, (CHjjU). 3.88 ,3.90 (3H, s. OMe), 
4.58, 4.70 (1H. br m, OCJ1), 6.6-7.5 (11H, m, CeHs+Cetb+C^il + 
pyridazine Jd 4 , ]±5+ ). and 8.85-8.90 (1H, m, pyridazine He) ('Hnmr 
10 indicates a 3:2 E/Z ratio); m/z. (ESI) 396 (M.++1+Na, 57%). 395 
(M++Na,100), 374 (66), 373 (78), and 305 (16). 

EXAMPLE 2 

(F ) and (Zi isomers of 4-ri-f3-CvcloDentvloxv-4-methoxyphenvl)-2-f4- 

15 pyridyl)ethenyn pyridine 

A mixture of Intermediate 6 (0.48g.1.58mmol), CS2CO3 (0.56g,1.73mmol), 
and cyclopentyl bromide (0.26g, 1.743mmol) in DMF (20ml) was stirred at 
RT overnight. A further portion of CS2CO3 (0.20g,0.61mmol) and 
cyclopentyl bromide (0.28g, 1.86mmol) was added, the mixture stirred for 

20 1 .5h then concentrated in vacuo . The residue was subjected to chromato- 
graphy (Si0 2 ; EtOAc/CH30H/Et3N, 100:1:0.4) to afford the title compound 
(0.42g) as a white solid, m.p. 136-138°C (cyclohexane); 8h (CDCI 3 ) 1.5- 
2.0 (8H, br m (Chbjk). 3.84 (3H, s, OMe), 4.65 (1H, br m OCMCH 2 ), 6.7- 
6.9 (6H, m, ArtioitM to OMe+2xAr1± msla to OMe+C=CH + pyridine 

25 ti3±l5 ), 7.08 (2H, dd, i 4.5, 1.5 Hz, pyridine pyridine lk\ hs'), 8.32 (2H, 
dm, J 5.0 Hz pyridine b2, i±6>. and 8.55 (2H, dd, J 4.5, 1.5Hz, pyridine M2'. 
tiff); m/2 372 (M+28%), 305 (37), 304 (100), 303 (95), 275 (18), and 41 
(18) 

30 EXAMPLE 3 

a) (E) and m Isomers of 4-r2. (3.Cvclopentvloxv.4-methoxv 
P henvlV2-phenvlethenvn Phenol 

A mixture of Intermediate 9 (2.94g, 10mmol), 4-bromophenol (2.16g, 

12.5mmol), Et3N (2.52g, 25mmol), tri-fi-tolyl phosphine (0.06g, 0.2mmol) 
35 and palladium acetate (0.022g, O.lmmol) was heated in a bomb at 140°C 

for 16h. Upon cooling, the reaction mixture was diluted with NH4CI (10%; 
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50ml) and CH2CI2 (50ml). The organic layer was separated and the 
aqueous layer extracted with CH2CI2 (50ml). The combined organic layer 
was dried (MgSCU), filtered and concentrated. Purification by column 
chromatography (SiC>2; hexane/Et20,1:1) yielded the title compound (1:1 
5 mixture of isomers) (0.8g) as a yellow foam. 8h (CDCI3) 1 .2- 1 .9 (8H, br m, 
(CtfeM, 3.81, 3.83 (3H, s, OMe), 4.59, 4.69 (1H, br m. OCH). 5.5, 5.63 
(1H, br s, OH), 6.55-7.0 (8H. m, Cetb+CefcU+CsCH). and 7.15-7.35 (5H, 
m, Cdtls) [N.B. 'Hn.m.r. indicates ca 1:1 E/Z mixture of isomers); mlz (ESI) 
410 (M + +1+Na,18%), 409 (M + +Na,100) 387 (M + +1, 62), 319 (38), 318 
10 (22), 301 (19), 236 (22), and 135 (20). 

The following compounds were prepared using a similar procedure: 

b) (E) and (Z) isomers of 3-r2-(3-Cvdopentvtoxv-4-methoxv 
15 phenylV2-phenylethflnvp benzoic acid 

From Intermediate 9 (2.94g, 10mmol) and 3-bromobenzoic acid (5.03g, 
25mmol). Purification by column chromatography [SiO2;10%, CH3OH/ 
CH2CI2] furnished the title compounds (2g) as a viscous yellow oil. Sh 
(CDCI3) 1.45-2.0 (8H, br m, (CH^U), 3.86, 3.87 (3H, s, OMe), 4.55, 4.7 
20 (1H, br m, OCM), 6.65-8.25 (13H, m, C6H5+C6ti4+C6l±3+C=C]i), (CO2M 
not observed) [N.B. 'Hn.m.r. indicates ca 1:1 E/Z mixture of isomers); m/z 
(ESI) 437 (M++23. 60%), 301 (67), 281 (100), and 259 (52). 

c) (El and (Z) isomers of 4-^2-(3-Cvclopentvloxv-4-methoxy 

25 phenyl)-2-phenyMhenyl] anisole 

From Intermediate 9 (1.1 9g, 4.04mmol) and 4-bromoanisole (0.757g, 
4.05mmol). Purification by column chromatography [Si02; hexane/Et20, 
4:1] furnished the title compounds (0.78g) as a yellow oil. 5h (CDCI3) 1.5- 
2.0 (8H, br m, (CH^). 3.72, 3.73 (3H, s, OMe), 3.82, 3.86 (3H, s, OMe), 

30 4.58, 4.67 (1H, br m, OCJtD. 6.6-6.9 (6H, m, C&ti3+2xAr]i oHho. to 
OMe+C=Cid), 6.93, 7.00 (2H, d, J 8.5Hz, 2xArHmsla to OMe) and 7.15- 
7.35 (5H, m, Cstis) [N.B. 'Hn.m.r. indicates ca 1:1 E/Z mixture of isomers]; 
m/Z (ESI) 424 (M + +1+Na, 20%), 423 (M + +Na, 100%), 374 (12), 281 (20). 
198(12), 132 (12) and 86 (12). 

35 

d) (E) and (Z) is mers of Methyl 4-[2-(3-Cyp»Qpentyloxy-4- 
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methoxyphenyl)-2.Dhenvl6thenvllbenzoat6 
From Intermediate 9 (2.94g, 10mmol) and methyl 4-bromobenzoate 
(2.69g. 12.5mmol) to afford the title compounds (3.35g) as a yellow gum; 
5 H (CDCfe) 1.4-2.0 (8H, br m, (Chb) 4 ), 3.86, 3.87 (6H, s, OMe+C0 2 Me), 
5 4.54, 4.67 (1H, br m, OCH), 6.6-7.4 (11H, m, C6hl5+C6tb+C=CH+2xArll 
meta to C02Me), and 7.75-7.85 (2H, m, 2xArM Qfiha. to C02Me) [N.B. 
'Hn.m.r. indicates £a 1:1 E/Z mixture of isomers]; w/z (ESI) 429 (M^+I+Na, 
28%), 362 (18), 361 (28), 330 (70), and 329 (68). 

t 

10 e) (E) and (Z) iso mers of 3-f2-(3-Cvclopentvloxv-4-methoxy- 
phenyl)-2-phenvlethenvnpvrldine 
From Intermediate 9 (1.00g, 3.4mmol) and 3-bromopyridine (1.28g, 
8.lmmol). Purification by chromatorgaphy (Si02; Et20) afforded the litis 
compound (0.50g) as a pale yellow gum; 8h (CDCI3) 1.45-2.0 (8H, br m, 

15 {Ctisk). 3.85 (major) , 3.87 (minor) (3H, s, OMe), 4.55 (minor), 4.69 
(major) (1H, br m, OCti), 6.65-7.5 (11H, m, Ceits+Ceik+pyridine £Utis+ 
C=£), and 8.2-8.45 (2H, m, pyridine ti2±b)- 

EXAMPLE 4 

20 (E\ and (Z) Isomers of 4-f2-(3-Cvclopentvloxv-4-methoxvphenvn-2- 
phenvlethenyll acetoxvbenzene 

To a stirred solution of the compound of Example 3a (0.2g, 0.52mmol) in 
CH2CI2 (5ml), under a nitrogen atmosphere, was added Et^N (0.1 01g, 
0.14ml, 1mmol) followed by acetyl chloride (0.0785g, 0.071ml, immol). 

25 The reaction mixture was stirred at RT for 4h then poured into saturated 
NaHC03 (10ml). The organic layer was separated and the aqueous layer 
extracted with CH2CI2. The combined organic layer was dried (MgS04), 
filtered, and the solvent removed in vacuo to furnish the title compounds 
(0.222g) as a colourless oil. Sh (CDCI3) 1.5-1.9 (8H, br m, {CH2U), 2.23, 

30 2.24 (3H, S, OCOMe), 3.83, 3.86 (3H, s, OMe), 4.56, 4.67 (1H, br m, 
OCH_), and 6.7-7.4 (13H, m. C 6 H5+C6tl4+C6H3+C=CtD [N.B. 'Hn.m.r. 
indicates cji 1:1 E/Z mixture of isomers]; m/z (ESI) (M + +Na, 100% ), 319 
(20), 281 (29), 191 (48), 127 (50) and 55 (54). 



35 



EXAMPLE 5 

(E) gnd (Z) isomers of Methyl 3-[2-(3-cyclopentylQxv-4-methQxy 
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pfrftnYiyg-phanvlethenygbenzoate 

To a cold (0°C) solution of the compound of Example 3b (0.25g, 0.6mmol) 
in CH 3 OH (20ml) was added SOCI 2 (0.357g,0.22ml,3mmol) dropwise and 
the reaction mixture was stirred at RT for 3h. The solvent was evaporated 

5 in vacuo , the residue dissolved in CH 2 CI 2 (20ml) and washed with 
saturated NaHC03 (20ml). The organic phase was separated and the 
aqueous phase extracted with CH 2 CI 2 (20ml). The combined organic layer 
was dried (MgSCU), filtered and the solvent evaporated in vacuo to yield 
thfl- titla compound (0.21 5g) as a yellow oil. 5h (CDCI3) 1.4-2.0 (8H, br m, 

10 (CtjfeM. 3.82, 3.83, 3.84, 3.85 (6H, s, OMe + COjjMe), 4.54, 4.69 (1 H, br 
m, OCJJ), and 6.65-7.85 (13H, m, C6H5+C6H4+Ceti3+C=Ct!) [N.B. 'Hn.m.r. 
indicates SSL 1:1E/Z mixture of isomers]; m/z (ESI) 429 ( M + +1. 25%), 361 
(22), 329 (100), 159 (12), 102 (15), and 60 (75). 

15 EXAMPLE 6 

(F) an d f 7 > Isomers o« A.f2.f4-Ami nnphenvlV2-(3-CVClOPentVlOXV-4- 
Tr^th^flhm1) ftthenv " pvrld|ne 

Water (15ml) and trifluoroacetic acid (10ml) were added to Intermediate 13 
(6.1 g) in CH 2 CI 2 (15ml) at 0°C and the mixture allowed to warm to RT. 

20 After 6h, the reaction mixture was concentrated in vacuo and the residue 
partitioned between 10% hydrochloric acid (50ml) and EtOAc (50ml). The 
aqueous layer was separated, basified to pH 14 with 20% sodium 
hydroxide solution, and extracted with CH 2 CI 2 (3x50ml). The extract was 
dried (MgS04) and concentrated in vacuo to give the crude title compound 

25 (4.2g). A portion (0.40g) was subjected to chromatography (Si0 2 ); EtOAc) 
to afford the tills compound (0.29g); 8 H (CDCI3) 1.45-2.0 (8H, br m, 
(CtkH). 3.80 (2H, br s, NHj>), 3.87, 3.90 (3H, s. OMe), 4.58, 4.70 (1H, br 
m. OCJd). 6.6-7.2 (10H. C6tU+ Cshb+pyridine M3, Hs+C=CU), and 8.3-8.4 
(2H, m, pyridine i±>,H6); m/z (ESI) 388 (M++1. 100%). 

30 

EXAMPLE 7 

a) ( F ) and m Isomers of 4-r2-f4 -BrpmophenvlV2-(3-CVClO- 
pftnt ylQyv^.m ftthoxvphenY|>ethenvnpvridlne 

A solution of Intermediate 7d (7.52g, 16.0mmol) and triethylamine (4.05g, 
35 5.60ml. 40.0mmol) in CH 2 CI 2 (100ml) was cooled to 0<>C and 
trifluoroacetic anhydride (3.70g, 2.50ml, 17.6mmol) was added dropwise. 
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The orange-red solution was allowed to warm to RT over 20h then water 
(25ml) was added. The mixture was extracted with CH2CI2 and the extract 
was dried (MgSCU). concentrated jg vacuo and subjected to 
chromatography to give the titia compound (4.73g) as a white amorphous 

5 powder. (Found: C, 66.66; H, 5.27; N, 2.99. C 2 5H 2 4BrN0 2 requires C, 
66.67; H, 5.37; N, 3.11%); 8h (CDCI3) 1.45-1.95 (8H, br, m, (CtbU). 
3.86, 3.88 (3H, s, OMe), 4.55, 4.70 (1H, br m, OCH). 6.6-6.95 (6H, m, 
CeUa, + pyridine tb, Hs) + C=CH), 7.06, 7.21 (2H, d. 1 8.4Hz, Arii of 
CehU), 7.4-7.5 (2H, m. ArJl of Cell*), and 8.36 (2H, &. d, i 6.OH2, pyridine 

10 H2, Hs) CH n.m.r. indicates a 1:1 E/Z mixture); vmax (CDCI3) 1597. 1514. 
and 1251 cm-1; m/2 (ESI) 452 (M + + 2 + Na, 100%), 450 (M+ +Na, 88), 
384 (30) and 382 (28). 

The following compound was prepared to a manner similar to compound 
15 of example 7a. 

b) <?V4-r2.f3-Cvc fn pentvioxv-4-methoxvPhenvlV2-f2-furYl) 
athenvllpyrldine 

From the compound of Intermediate 15 (1.0g, 2.64mmol) in CH2CI2 
20 (30ml). triethylamine (0.4g, 0.55ml, 3.96mmol) and trifluoroacetic 
anhydride (0.61 g, 0.41ml, 2.91 mmol). Work up [includes treatment with 
10% NaOH solution (25ml)] and chromatography (Si0 2 ; EtOAc/hexane, 
7:3) afforded the titia compound (0.78g) as a pale pink solid m.p. 122- 
123°C; (Found: C, 76.37; H, 6.46; N, 3.85. C23H43NO3 requires C. 
25 76.43; H, 6.41; N. 3.88%) ;5 H (CDCI3) 1.45-1.9 (8H. br m, (CJdaU), 3.90 
(3H, s, OMe). 4.65 (1H. br m. OCH). 6.07 (1H. d. 1 3.3Hz. furan Hs), 6.41 
(1H, dd, i 3.3, 1.8Hz, furan tU), 6.75-6.9 (5H, m. Cetk + pyridine H3, Hs), 
7.03 (1H, s, C=CH). 7.49 (1H. d. J 1.6Hz, furan Hs). and 8.33 (2H. sa. d. i 
4.6Hz. pyridine H2. Hs); m/z (ESI) 362 GVP +1, 100%). 294 (45). 

30 

EXAMPLE 8 

(E) and m isQpprs of ^M -fa-Cveiopentvloxv^-methoxvphenvD-a- 
(A.pYririyi)ethenvnben7oic acid hydrochloride 

Intermediate 15 (4.25gm 8.8mmol) in 10% aqueous HCI (15ml) was 
35 heated to reflux for 20 min. Aqueous NaOH solution (5M; 20ml) and EtOH 
(15ml) were then added and heating continued for a further 2h. The 
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reaction was cooled to RT and acidified to pH 1 with 10% aqueous HCI. 
The mixture was extracted with CHCI 3 (10x100ml), the organic extract was 
dried (MgS0 4 ) and concentrated in vacuo to give the title compound 
(2.83g) as a yellow solid; 8h (d4-MeOH) 1.45, 1.8 (8H, br m, (CiJ^), 
5 3.86, 3.88 (3H, s. OMfiL 4.66, 4.74 (1H, br m, OCta 6.65-7.65 (8H, m, 
C=CfcL+ Cetis + pyridine Ha. Hs. + Ammfila to C0 2 H). 8.05, 8.13 (2H, d, i 
ca -8Hz. ArHonhflto C0 2 H). and 8.46, 8.55 (2H, d, lea. 6Hz, pyridine 
ti2. tie) (N.B. CO2U. and MCI not observed) (2H, d, 1 8.2Hz, ArhL); Vmax 
(Nujol) 1710, and 1633 cm* 1 ; m/z (ESI) 416 (M + +1. 100%). 

10 

EXAMPLE 9 

m a n d f7 ) laojmfits »' N-f4-ri-f3.cvcippentY»oxv-4-methoxY- 

p hanY iy9.(d.pvridvn6thenvnnhenvl)Qarbamatg 

A mixture of diphenyl phosphoryl azide (0.61g, 0.48ml, 2.2mmol), 

15 Intermediate 14 (1.00g, 2.2mmol), triethylamine (0.49, 0.68ml, 4.9mmol) 
and t-butanol (25ml) was heated to reflux for 20h. The mixture was 
concentrated in vacuo and the resulting brown oil" partitioned between 
CH2CI2 (30ml) and 5% citric acid solution (30ml). The organic layer was 
separated, washed with water (20ml), NaHCOs solution (20ml), and brine 

20 (20ml), then dried (MgSO*) and concentrated In vacuo to give a red oil; 
which was subjected to chromatography to give the title compound (0.60g, 
56%) as a yellow foamy solid. 8h (CDCI 3 ) 1.52, 1.54 (9H, s, CMe3). 1.65- 
1.9 (8H, br m, (Ctb) 4 ), 3.86, 3.89 (3H, s, OMe), 4.56, 4.70 (1H, m, OCH). 
6.6-7.4 (1 1 H. m, ArfcL + C=CH+NCO), and 8.34 (2H. d, Jl 5.2Hz, pyridine 

25 JHb. Hjb). ('H n.m.r. indicates ca. 1:1 mixture of isomers); vmax (CHCI3) 
3441. 1730, 1596, 1518 and 1157 cm'" 1 ; m/z (ESI) 487 (M + +1, 75%), 472 
(12), and 431 (100). 

J 

EXAMPLE 10 

30 a) ( E ) O iso m ars nf 2- CvdonentvlOXV-4-r2-(4-f»UQrPPhenYlV1- 

phflpyifithsrufflaDlsalfi 

Dimethyl 4-fluorobenzylphosphonate (432mg, 2.0ml) was aded to a 
mixture of sodium hydride (80mg, 2.2mmol) and Intermediate 2 (592mg, 
2.0mmol) in THF (5ml) at 0°C. The reaction mixture was stirred overnight 
35 at RT then quenched with NaHC0 3 solution (5ml) and extracted with Et 2 0 
(25ml). The extract was washed with brine (10ml), dried (MgS0 4 ), and 
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concentrated in vacuo to afford the title compound (115mg) as a 
colourless gum; 8h (CDCb) 1.5-1.9 (8H, br m, (CibU), 3.84, 3.86 (3H. s, 
OMe), 4.56,4.67 (1H, br m, OCH), and 6.65-7.4 (13H, m, Cefck + CetLt + 
Cefck + C=CH); m/Z (ESI) 390 (M + + 2, 23%), 389 (M + +1, 92), 253 (37), 
5 and 235 (100). 

The following compound was prepared in a manner similar to the 
compound of Example 10a. 

10 b) (E) and <Z> iso mers of 4-r2.f4-chloroDhenvlVI-Dhenvlethenvn-2. 
cycippentyioxyanisple 
From Intermediate 2 and diethyl 4-chlorobenzylphosphonate to afford the 
title compound as a clear oil. 6h (CDCI3) 1.5-2.0 (8H, br m, (QtfeU). 3.86, 
3.89 (3H, s. OMe), 4.57,4.70 (1H, br m. OCH), and 6.65-7.4 (13H, m, 

15 Cetb + C6hU + CdUs + C=CtD ('Hn.m.r. indicates sa 1:1 E:Z ratio); mlz 
(ESI) 429 (M+ + 2 + Na, 15%), 427 (M + +Na, 45), 387 (30), 386 (100), 301 
(25), and 60 (20). 

20 F QRMm-AT lO N EXAMPLES 

The compounds of the invention may be formulated for pharmaceutical 
use in a number of forms using any suitable excipients. Thus, for 
example, for oral use the compounds of the invention such as the 
compounds of the Examples may be formulated as a solid dosage form, 
25 by mixing an appropriate weight of compound (for example 50mg) with 
maize starch (50-99%w/w), anhydrous colloidal silica (0-10%w/w) and 
organic or inorganic acid (up to 1%w/w), to fill capsules of an appropriate 
size, e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

30 

The activity and selectivity of compounds according to the invention was 
demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-leu-phe. 

35 isolated Enzyme 
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The potency and selectivity of the compounds of th invention was 
determined using distinct PDE isoenzymes as follows: 

i. PDE I, rabbit heart 



A gene encoding human PDE IV has been cloned from human monocytes 
(Livi, et slL 1990, Molecular and Cellular Biology, 1& 2678}. Using similar 
procedures we have cloned human PDE IV genes from a number of 
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 

15 and neuronal tissues. These genes have been transfected into yeast 
using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics of PDE IV {Beavo 
and Reifsnyder, 1990, TIPS, 1L 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 

20 the basis of a screen for potent, selective PDE IV inhibitors. 

The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 

25 Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in 150jxl of standard mixture containing (final concentrations): 
50mM 2-[[tris(hydroxymethyl)methyl]amino]-1-ethane-sulphonic acid (TES) 
-NaOH buffer (pH 7.5), 10mM MgCI 2 , O.tjiM pHJ-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 

30 by addition of enzyme and conducted at 30°C for between 5 to 30 mins. 
The reaction was terminated by addition of 50|il 2% trifluoroacetic acid 
containing [ 14 C]-5'AMP for determining recovery of the product. An aliquot 
of the sample was then applied to a column of neutral alumina and the 
pH]-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The [ 3 H]-5-AMP 

35 product was eluted with 2ml 2M NaOH into a scintillation vial containing 
10ml of scintillation cocktail. Recovery of [ 3 H]-5'AMP was determined 



5 



ii. 
Hi. 
iv. 



PDE (I, rabbit heart 

PDE 111, rabbit heart, Jurkat cells 

PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 

recombinant PDE IV 

PDE V, rabbit lung, guinea pig lung 



v. 



10 
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using the [ 14 C]-5'AMP and alt assays were conducted in the linear range of 
the reaction. 

Compounds according to the invention such as compounds of the 
5 Examples herein cause a concentration-dependent inhibition of 
recombinant PDE IV at 0.1 - 1000nM with little or no activity against PDE I, 
II, ill or V at concentrations up to 100fiM. 

2. The Elevetlon of cAMP in Monocytes 

10 The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
Human neutrophils were separated from peripheral blood, incubated 
with dihydrocytochalasin B and the test compound for 10 min and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 

15 by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 
from the peritoneal exudate and incubated with isoprenaline and test 
compound. With both cell types, suspensions were centrifuged at the 
end of the incubation, the cell pellets were resuspended in buffer and 

20 boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 

The most potent compounds according to the Examples induced a 
concentration -dependent elevation of cAMP in neutrophils and/or 
25 eosinophils at concentrations of 0. 1 nM to 1 jiM. 

3. Suppression of Leukocyte Function 

Compounds of the invention were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 

30 eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chalasin B for superoxide generation only and test compound prior to 
stimulation with FMLP. The most potent compounds of the Examples 
caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of 0.1 nM to 

35 1nM. 
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Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 
factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01 nM to 10^iM. 

5 4. Relaxation of Constricted A irway Smooth Muscle in vitro 

The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in organ baths and immersed in oxygenated Krebs 1 
solution. The smooth muscle was contracted with sub-maximal 

10 concentrations of histamine or carbachol prior to the addition of 

increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
contractions at concentrations of 1nM to 100jiM. The compounds 

15 were generally more potent in reversing histamine-induced tone than 

carbachol-induced tone. 

5. Effects on Qgrfliac Muscle in vjtfP 

Compounds of the invention have been tested for their effects on 

20 isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV inhibitors such as 

25 rolipram do not have any direct effects whereas selective PDE III 

inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 
asthma as a bronchodilator, also causes significant cardiovascular 
changes such as tachycardia. Selective PDE IV inhibitors have 

30 advantage over theophylline, therefore, through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles jn vitro at concentrations up to 10|iM but in 
combination with PDE III inhibitors, these inhibitors showed an 

35 enhancement of chronotropic and inotropic activity, typical of 

selective type IV inhibitors. 
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6. AntHnflgmmgtory Activity In vivo 

lnterleukin-5 (IL-5)-induced pleural eosinophilia in the rat (Lisle, et ah 
1993, Br J. Pharmacol. 7 Oft 230p) is inhibited by compounds of the 
5 Examples given orally at doses of 0.0001 to 10.0mg/kg. The most 

potent compounds cause a dose-dependent reduction in migrating 
eosinophils with ED50S of 0.003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
1 0 induced in rats by platelet activating factor (PAF). 

7. Anti-allergic Activity in vivo 

Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation of 

15 antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 
immunosuppression, by intraperitoneal injection of antigen in 
combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 

20 six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneally administered anti-histamine 
agent (mepyramine). After a further 48h, bronchial alveolar lavages 
(BAL) were performed and the numbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 

25 removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (0.001 -10mg/kg i.p. 
or p.o.), up to three times during the 48h following antigen challenge, 
lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 

30 inflammatory damage in the lungs of animals treated with compounds 

of the Examples. 

8. Effects on Pulmonary Dynamics 

Compounds of the invention (0.001 -10mg/kg by oral or other route of 
35 aministration) reduce the allergic bronchoconstruction caused by 

antigen in sensitized guinea pigs. 
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Compounds of the invention have been tested for their effects on 
ozone-induced hyperreactivity of the airways of guinea pigs. 
Following the inhalation of ozone, guinea pigs become very much 

5 more sensitive to the bronchoconstrictor effects of inhaled histamine 
than naive animals (Yeadon stal. 1992, Pulmonary Pharm., £ 39). 
There is a pronounced shift to the left (10-30 fold) of the dose 
response curve to histamine and a highly significant increase in the 
maximum increase in pulmonary resistance. Compounds of the 

10 Examples administered 1h prior to ozone by the intraperitoneal or 
oral (0.001 -10mg/kg) route caused a dose-dependent inhibition of 
ozone-induced hyperreactivity. 

9. Adverse Effects 
15 Compounds of the invention are free from adverse effects following 
repeated overdosage to rats or dogs. For example, over 
administration of 125mg/kg/day of active compounds of the Examples 
to rats for 30 days is not associated with adverse toxicity. 

20 The most potent compounds of the invention are 20-30 times less 
active than rolipram in inducing behavioural changes, sedation or 
emesis in rats, ferrets or dogs. 
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CLAIMS 



1 . A compound of formula (1 ) 



(1) 



wherein Y represents a halogen atom or a group OR 1 , where R 1 is an 
1 0 optionally substituted alkyl group; 

X is -0-, -S- or -N(R 6 )-, where R 6 is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or 
cycloalkenyl group; 

15 R 3 and R 4 , which may be the same or different, is each a group 
-(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected from oxygen, sulphur 
or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 
R 5 is a hydrogen atom or an optionally substituted alkyl group; and 

20 the salts, solvates, hydrates and N-oxides thereof. 



2. A compound according to Claim 1 wherein X is -0-. 

3. A compound according to Claim 1 or Claim 2, wherein Y is a group 
25 -OR 1 where R 1 is a methyl group. 

4. A compound according to any one of Claim 1 to Claim 3 wherein R 2 
is a cyclopentyl group. 

30 5. A compound according to any one of Claim 1 to Claim 4 wherein Y is 
a -OCH3 group, X is -0-, R 2 is a cyclopentyl group and wherein R 3 
and R 4 is each independently a group -Ar. 
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6. A compound according to Claim 5 wherein R 3 is a group Ar where Ar 
is an unsubstituted or substituted monocyclic aryl or monocyclic 
nitrogen-containing heteroaryl group and R 4 is a group Ar where Ar is 
an unsubstituted or substituted monocyclic nitrogen-containing 

5 heteroaryl group. 

7. A compound according Claim 6 wherein the monocyclic aryl group is 
an unsubstituted or substituted phenyl group, the monocyclic 
heteroaryl group is an unsubstituted or substituted furyl or thienyl 

10 group and the monocyclic nitrogen-containing heteroaryl group is an 

unsubstituted or substituted pyridyl, pyridazinyl, pyrimidinyl or 
pyrazinyl group. 

8. A compound according to Claim 7 wherein the nitrogen-containing 
1 5 heteroaryl group is a substituted or unsubstituted pyridyl group. 

9. A compound according to Claim 1 selected from the (E) and (Z) 
isomers of: 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-furyl) 
20 ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-thienyl)ethenyl] 
pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]-3- 
methylimidazole; 

25 4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]pyridine; 
4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 
pyridine; 

(4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-fluorophenyl- 
ethenyl] pyridine; 

30 4-[2-(3-Cyciopentyloxy-4-methoxyphenyl)-2-(4-trifluoromethyl- 
phenyl)ethenyl]pyridine; 
4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-methoxyphenyl- 

ethenyl)]pyridine; 
4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methoxyphenyl)- 
35 ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methylphenyl) 
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ethenyl]pyridine; 

4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-methylphenyl)- 

ethenyljpyridine; 
4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-cyclopentyloxy-4- 

5 methoxyphenyl)ethenyl]pyridine; 

^^-(S-Cyclopentyloxy^-methoxyphenyO^-phenylethenyq-S.S- 

dichloropyridine; 

2- [2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]pyridine; 
4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 

10 aniline; 

4-[1-(3-Cyclopenxyloxy-4-methoxyphenyI0-2-(4-pyridyl)ethenyl] 

benzoic acid; 

Ethyl N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
ethenyl]phenyl}carbamate; 
15 N-{4-[1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyridyl)ethenyl] 

phenylJN'-ethylurea; 
N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)]-2-(4-pyridyl)ethenyl} 

phenylacetamide; 

3- [2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl]pyridine; 
20 4-[2-2(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethenyl] 

pyrimidine; 

4- [2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-hydroxymethyl- 
phenyl)ethenyl]pyridine; 

4-[1-(3-Cyclopentyioxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 

25 benzamide; 

Ethyl-4-[1-(3-Cyclopentyioxy-4-methoxyphenyl)-2-(4-phenyl- 

ethenyljbenzoate; 
N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethenyl] 
phenyl}methanesulphonamide; or 
30 each (E) or (Z) isomer thereof; and the salts, solvates, hydrate and 
N-oxides thereof. 

1 0. A pharmaceutical composition comprising a compound of formula (1 ): 
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Y- 




d) 



10 



15 



20 



wherein Y represents a halogen atom or a group OR 1 , where R 1 is an 
optionally substituted alky! group; 

X is -0-, -S- or -N(R 6 K where R 6 is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or 
cycloalkenyl group; 

R 3 and R 4 , which maybe the same or different, is each a group 
-(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected from oxygen, sulphur 
or nitrogen atoms and n is zero or an integer 1, 2 or 3; 
R 5 is a hydrogen atom or an optionally substituted alkyl group; and 
the salts, solvates, hydrates and N-oxides thereof together with one 
or more pharmaceutical^ acceptable carriers, excipients or diluents. 

11. A process for the preparation of a compound of formula (1 ): 



wherein Y represents a halogen atom or a group OR 1 , where R 1 is an 
optionally substituted alkyl group; 

X is -0-, -S- or -N(R 6 )-, where R 6 is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or 
cycloalkenyl group; 

R 3 and R 4 , which maybe the same or different, is each a group 
-(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 
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containing one or more heteroatoms selected from oxygen, sulphur 
or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 
R 5 is a hydrogen atom or an optionally substituted alkyl group; and 
the salts, solvates, hydrates and N-oxides thereof which comprises in 
5 a f inal step 

a) a dehydration of a compound of formula (3): 




wherein Y, X, R 2 , R 3 , R 4 f and R 5 are as defined for formula (1), to 
yield a compound of formula (1); or 

b) coupling a compound of formula (1 1 ) 

15 




wherein Y, R 2 and R 3 are as defined for formula (1) in a Heck 
reaction, with an organopalladium compound derived from a 
20 compound R 4 Hal; or 

c) the dehydrogenation of a compound of formula (12): 




CRfR^CHfR^R 5 ) 

(12) 



25 



where R is a hydrogen atom 
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wherein Y f X f R 2 , R 4 and R 5 are as defined for formula (1) to yield a 
compound of formula (1) wherein R 3 , R 6 and R 7 is each a hydrogen 
atom; or 

d) the interconversion of a compound of formula (1) to another 
5 compound of formula (1 ); 

e) by reaction of a compound of formula (1) with an acid or base to yield 
a salt of a compound of formula (1); or 

f) by deprotection of a corresponding protected compound of formula 

d). 
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